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ANNUAL  REPORT  OF  THE  BUREAU  OF  PUBLIC  ROADS 

Factors   Affecting   Progress 

THE  NEED  and  demand  for  highway  improvement  was  never  greater  than 
in  the  flscal  year  1951/  Both  popular  demand  for  elimination  of  congestion, 
delays,  and  hazards  to  travel  and  scientific  studies  of  traffic  and  highway  condi- 
tions indicated  the  great  need  for  improvement.  A  volume  of  traffic  far  beyond 
that  for  which  the  greater  portion  of  the  existing  highway  system  was  planned 
was  operating  under  adverse  conditions  and  at  excessive  cost. 

Motor-vehicle  registrations  increased  to  over  49  million  in  the  calendar  year 
1950 — about  double  the  number  in  1934.  Traffic  has  increased  at  an  average  rate 
of  about  4  percent  per  year  for  15  years.  Such  a  rate  of  increase,  if  continued, 
will  double  the  present  volume  of  traffic  in  18  years,  or  by  1969.  We  are  being 
overwhelmed  by  a  flood  of  traffic.  Mileage  of  highway  travel  reached  458  billion 
in  the  calendar  year  1950.  from  1947  to  1950  there  was  an  increase  in  travel 
of  87  billion  vehicle-miles — an  amount  equal  to  all  highway  travel  in  1923. 

The  big  jump  in  national  production,  resulting  from  steps  taken  to  meet  the 
national  emergency,  caused  a  striking  increase  in  the  movement  of  freight  by 
truck.  Ton-miles  of  freight  carried  by  highway  amounted  to  107  billion  in  the 
calendar  year  1949,  rose  one-third  to  142  billion  in  1950,  and  is  still  climbing 
in  1951.  The  increase  in  1950  is  more  than  the  total  freight  transported  in  1936. 
At  the  present  rate  of  increase  our  highways  will  soon  be  carrying  three  times 
the  freight  carried  during  the  World  War  II  years. 

Highway  organizations  at  all  levels  of  government  put  forth  their  maximum 
efforts  to  provide  better  travel  conditions,  but  funds  available  permitted  only 
a  slight  increase  in  accomplishment  over  the  preceding  fiscal  year.  In  the  fiscal 
year  1951,  highway  contract  awards  by  State  highway  departments  amounted 
to  $1.43  billion  as  compared  to  $1.40  billion  in  1950  (fig.  1).  Corresponding 
mileages  w^ere  52,189  in  1951  and  54,114  in  1950.  In  the  last  3  months  of  the 
fiscal  year  1951  awards  dropped  somewhat  below  the  level  of  the  same  period 
of  1950. 

The  decline  in  highway  construction  bid  prices,  which  began  in  the  middle 
of  1949  (fiscal  year),  continued  throughout  1950.  The  beginning  of  the  fiscal 
year  1951  witnessed  the  outbreak  of  hostilities  in  Korea,  and  from  that  time 
until  the  end  of  the  year  there  was  a  rise  of  15.6  percent  in  highway  construction 
bid  prices.  Notwithstanding  this  comparatively  high  rate  of  increase,  the  bid 
prices  at  the  end  of  the  fi.scal  year  were  still  2.1  percent  below  the  postwar  peak, 
which  occurred  in  the  second  quarter  of  the  fiscal  year  1949. 

During  the  fiscal  year  1951  highway  construction  labor  and  material  costs 
increased  approximately  7  percent  and  8  percent  respectively.  These  figures 
are  below  those  for  commodity  prices  and  more  general  construction  cost  indexes. 

Throughout  the  year  the  uncertain  world  situation  and  preparations  for  an 
armament  program,  with  impending  danger  of  shortages  of  materials  and  labor, 
cast  a  shadow  over  the  highway  program.    It  caiised  highway  officials  to  intensify 


1  The  fiscal  year  extended  from  July  1,  1950,  to  June  30,  1951. 
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ijiMuT  Ciiiii  i-('liix  llirir  cfTdils  lo  iiiiiii'(i\c  tlic  iii.-iiii  hi^liwii.vs.  I  li^liwiiy  1r;ins- 
poi't  increases  in  dirccl  pi-njiort  ion  to  iiidiist  rial  adivily,  wlicllifi'  ii  he  tor 
peiice  or  fur  war,  and  it  was  realized  thai  I  he  strain  to  he  placed  nn  jiiain 
highways  wonid  lie  urealer  than  excr  ix'l'ore.  'I'hei'e  was  serious  alai-ni  over 
wliat  woiihl  hapiien  slntnid  restrictions  nial<e  it  necessary  to  (h-crease  tlie  I'ate 
of  replacement  and  reconditioninj;-  of  old  and  worn-out  highway  surfa(;es  and 
hridges. 

As  iuiticipated,  the  nati<inal  emergency  resulted  in  serious  sliorlages  oi'  steel 
and  other  materiiils  Jiml  e(iiiii)nient  vital  to  iiigliway  constructi(jn  and  niainte- 
nunce  work.  A  .sy.steni  of  controls  was  estahiished  under  the  direction  of  the 
Office  of  Defense  Mohilization,  the  Defense  Production  Administration,  and  the 
National  Production  Authority  to  make  certain  that  the  requirements  for  national 
defense,  defense-supporting  industries,  and  essential  civilian  activities  would  he 
given  preference  in  procurement  and  use  of  the  scarce  materials  and  equipment. 

The  Bureau  was  designated  as  claimant  agency  for  all  highway  woi-k  in  the 
country  regai'dless  of  how  linanced  and  regardless  of  wliether  it  was  under  the 
supervision  of  the  Federal,  State,  or  local  governments  or  special  commissions. 
In  this  capacity,  and  with  the  assistance  of  a  special  committee  established  by 
the  American  Association  of  State  Highway  Officials,  data  were  assembled  from 
all  highway  construction  and  maintenance  agencies  on  the  estimated  require- 
ments of  scarce  materials  and  equipment  for  each  quarter  of  the  1951  and  19.52 
calendar  years.  These  estimates  were  submitted  to  the  Defense  Production 
Administration  as  a  basis  for  determining  allotments  of  materials  and  equipment 
for  highway  purposes. 

During  February  and  March  of  1951  priority  ratings  for  steel  and  other  mate- 
rials and  equipment  for  highway  projects  were  issued  by  the  National  Produc- 
tion Authority  on  a  spot  assistance  basis.  On  March  28  the  Bureau  was  given 
an  allotment  of  151,000  tons  of  steel  for  May  and  a  like  allotment  for  June, 
against  which  priority  ratings  could  be  issued.  Allotments  of  300,000  tons  of 
steel  and  750,000  pounds  of  copper  were  made  available  on  May  14  for  the  third 
quarter  of  1951. 

The  National  Production  Authority  issued  an  order  on  May  3  requiring  ap- 
jiroval  of  that  agency  before  construction  could  commence  on  any  project  re- 
([uiring  the  use  of  more  than  25  tons  of  steel.  On  June  7  this  authority  to 
authorize  commencement  of  construction  on  highway  projects  was  delegated  to 
the  Secretary  of  Connnerce  and  immediately  redelegated  to  the  Commissioner 
of  Public  Roads. 

The  Federal-Aid  Program 

The  Federal-State  cooperative  highway  construction  program  w^as  financed 
from  Federal-aid  funds  of  $450  million  authorized  for  the  fiscal  year,  and  from 
remaining  balances  of  prior  authorizations,  together  with  State  matching  funds. 
All  classes  of  Federal-aid  projects  brought  to  completion  during  the  year  had  a 
total  length  of  20.030  miles.  This  is  5  pei'cent  less  than  the  total  mileage  com- 
pleted during  the  previous  year. 

Pursuant  to  the  President's  request  of  July  21,  1950,  that  all  programs  be 
reexamined  with  the  object  of  giving  first  priority  to  those  which  contribute 
directly  to  the  national  defense  or  to  essential  civilian  requirements,  all  new 
lu'ojects  have  been  carefully  screened  and  only  those  meeting  essentiality  criteria 
have  been  approved  for  construction. 

During  the  year  improvements  were  completed  as  follows  :  On  the  Federal- 
aid  system  outside  of  cities  (principal  intercity  highways).  4,850  miles  of  high- 
ways and  849  bridges ;  on  urban  portions  of  the  Federal-aid  highway  system.  554 
miles  of  streets  and  294  bridges;  and  on  secondary  or  farm-to-market  roads. 


13,8?5  miles  of  roads  and  1,556  bridges.  Continuation  of  the  long-term  program 
of  eliminating  hazards  to  life  at  railway-highway  grade  crossings  brought  the 
following  accomplishments  for  the  year :  125  crossings  eliminated,  48  inadequate 
grade-separation  structures  reconstructed,  and  357  crossings  protected  by  flash- 
ing-light signals  or  other  appropriate  safety  devices. 

The  reexamination  of  the  program  to  give  priority  to  defense  requirements, 
coupled  with  growing  scarcity  of  steel  and  other  critical  materials,  have  tended 
to  slow  the  program  to  some  extent.  Contracts  were  awarded  during  the  year 
for  improvements  to  19,827  miles  of  highways  and  streets.  Work  put  in  place 
amounted  to  95  percent  of  the  $450  million  authorization  for  the  year.  Con- 
struction was  in  progress  or  scheduled  to  start  soon  on  22,571  miles  of  highways 
and  streets,  at  the  year's  end.  Projects  for  the  construction  of  21,517  miles 
were  programed  during  the  year,  and  a  majority  of  States  were  assigning  to 
projects  funds  apportioned  for  the  fiscal  year  1952.  Tables  in  the  appendix 
furnish  details  of  the  program  accomplishments  during  the  year  and  the  status 
of  the  program  at  the  year's  end. 

Classes  of  Federal- Aid  Work 

Continuation  of  Federal  assistance  to  the  States  for  the  improvement  of  three 
general  classes  of  highways  during  the  fiscal  years  1952  and  1953  was  provided 
by  the  Federal-aid  Highway  Act  of  1950,  approved  September  7,  1950.  This  act 
authorized  $500  million  for  each  of  the  two  fiscal  years. 

The  Federal-aid  highivay  system. — Improvement  of  principal  highways  in- 
cluded in  the  Federal-aid  highway  system  has  been  continuous  since  the  Federal 
Highway  Act  provided  for  designation  of  the  system  in  1921.  Forty-five  per- 
cent of  Federal-aid  funds  authorized  since  World  War  II  have,  been  made 
available  for  rural  and  urban  improvements  on  the  Federal-aid  highway  system. 
Primary  funds  in  the  amount  of  $202.5  million  were  authorized  for  each  of 
the  fiscal  years  1950  and  1951.  The  authorization  for  each  of  the  fiscal  years 
1952  and  1953  amounts  to  $225  million.  During  the  year  about  one-third  of 
primai'y  funds  allotted  to  approved  projects  were  for  improvements  to  the 
National  System  of  Interstate  Highways. 

The  Federal-aid  secondary  system. — The  Federal  Government's  interest  in 
secondary  or  farm-to-market  roads  is  expressed  by  the  provision  of  30  percent 
of  the  total  Federal-aid  fund  authorization  for  this  class  of  road  improvement. 
For  each  of  the  fiscal  years  1950  and  1951  secondary  fund  authorizations  have 
been  $135  million;  for  each  of  the  fiscal  years  1952  and  1953  the  secondary 
fund  authorizations  have  been  increased  to  $150  million. 

The  Federal-aid  urban  system. — Funds  for  assisting  in  the  construction  of 
the  modern  highway  arteries  needed  to  expedite  traffic  movement  in  cities 
comprise  the  remaining  25  percent  of  Federal-aid  authorizations.  Urban 
funds  of  $112.5  million  were  authorized  for  the  fiscal  years  1950  and  1951 ; 
for  the  fiscal  years  1952  and  1953  the  urban  fund  authorizations  are  at  the 
annual  rate  of  $125  million.  Primary  funds  are  also  available  for  expenditure 
on  improvements  to  the  urban  system,  which  comprises  the  urban  portion  of 
the  Federal-aid  highway  system. 

Status  of  Work  at  End  of  Fiscal  Year 

Figure  2  shows  the  status  of  the  Federal-aid  program  financed  from  funds 
currently  available.  As  the  fiscal  year  ended,  plans  had  been  approved  or  work 
was  under  way  on  improvements  to  21,523  miles  of  highways  and  streets  in 
the  Federal-State  cooperative  program.  These  improvements  had  a  total  esti- 
mated cost  of  $1.54  billion,  of  which  $774  million  were  Federal  funds.     This 
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work  inclnded  tne  elimination  of  249  railway-highway  grade  crossings,  the 
reconstruction  of  47  obsolete  grade-separation  structures,  and  the  installation 
of  flashing  lights  or  other  suitable  protective  devices  at  332  railroad  grade 
crossings.  An  additional  1,048  miles,  costing  a  total  of  $49  million,  including 
$41  million  of  Federal  funds,  were  included  in  the  National  forest.  National 
park,  public  land,  and  flood-relief  programs. 

The  National  System  of  Interstate  Highways 

Improvement  of  the  National  System  of  Interstate  Highways  continued  to 
rank  as  of  first  importance  with  highway  officials  and  with  highway  users. 
Designated  in  1947  as  a  result  of  Federal  legislation  in  1944,  and  limited  in 
extent  by  law  to  40,000  miles,  this  system  is  comprised  of  the  main  arteries 
of  the  Nation.  They  are  the  routes  that  carry  the  heaviest  traffic  in  normal 
times  and  are  now  further  congested  with  large  increments  of  traffic  resulting 
from  emergency  activity. 

Typical  examples  of  average  daily  traffic  on  the  most-used  portions  of  the 
system  are  19,158  vehicles  a  day  south  of  Boston,  54,200  south  of  Jersey 
City,  55,900  north  of  Detroit,  26,6.50  south  of  Baltimore,  and  17,400  east  of 
Pittsburgh.  Peak  volumes  of  double  these  figures  occur.  On  U  S  1  some  dis- 
tance south  of  Washington  the  average  traffic  is  18,000  vehicles  per  day,  but 
it  rises  to  89,000  at  the  crossing  of  the  Potomac  River  entering  Washington.  A 
peak  volume  of  118,000  vehicles  in  1  day  has  been  observed  at  this  bridge. 
This  is  the  heaviest  volume  of  traffic  on  any  highway  of  which  the  Bureau  has 
a  record. 

The  great  importance  of  giving  better  service  to  the  swelling  volumes  of  traf- 
fic, coupled  with  the  President's  request  that  first  priority  be  given  to  projects 
contributing  directly  to  national  defense  or  to  essential  civilian  requirements, 
resulted  in  much  greater  emphasis  being  given  to  improvement  of  the  interstate 
system.  During  the  year  work  progressed  at  a  rate  somewhat  higher  than  in 
the  preceding  year  but  far  below  that  needed  to  produce  a  satisfactory  system 
within  a  reasonable  period  of  time. 

About  one-third  of  the  Federal-aid  primary  highway  funds  assigned  to  projects 
approved  were  for  projects  on  the  interstate  system.  Slightly  over  1,000  miles 
were  completed  at  a  total  cost  of  $166,484,000.  At  the  end  of  the  year  1,516  miles 
were  under  construction  at  a  total  cost  of  $358,186,000. 

Table  11  of  the  appendix  shows  the  status  of  this  improvement  program  by 
States.     Federal  expenditures  on  the  interstate  system  are  made  from  funds . 
provided  for  the  Federal-aid  primai-y  system  and  for  urban  highway  improve- 
ments.    Table  11  therefore  shows  mileage  and  funds  also  included  in  tables  re- 
lating to  the  Federal-aid  primary  system  and  urban  improvements. 

The  improvements  needed  on  the  interstate  system,  particularly  on  the  ap- 
proaches to  cities  and  on  routes  through  them,  are  generally  such  large  undertak- 
ings that  they  must  be  accomplished  a  section  at  a  time,  spreading  the  entire 
improvement  over  a  period  of  years.  Such  sections  are  under  way  in  practically 
every  large  city.  Most  of  the  large  projects  described  in  the  following  pages  are 
on  the  interstate  system. 

Improvement  of  Urban  Highways 

The  urban  highway  program  continued  at  the  greatest  speed  possible  with  avail- 
able funds.  Federal  funds  expended  were  equal  to  the  funds  authorized  for 
urban  work.  The  apportionment  of  such  funds  for  the  year  was  $108,281,2.50. 
Urban  funds  involved  in  projects  programed  during  the  year  were  $129,140,762, 
and  in  projects  for  which  contracts  were  awarded  were  $112,936,329. 


The  new  census  resnltcd  in  nunicrdiis  (•li;in;;<'s  in  cil.v  pdiiiilal  ions  and  tlie  dis- 
tribution of  urban  populations  ainonji;  the  Stales:  :'.!).S  urban  plac-cs,  whieh  pre- 
viously could  not  benefit  from  the  urban  liiubway  program  because  tiieir  popu- 
lation was  less  than  5,0(10,  advanced  to  the  above-r),000  population  class.  The 
States  continued  the  planninj;  of  urban  highway  systems  for  improvement  with 
Federal  assistance.  During  the  fiscal  year,  129  urban  systems  were  approved, 
so  that  there  are  now  a  total  of  274  urban  places  with  approved  partial  or  com- 
))lete  urban  systems. 

Tlie  major  portion  of  funds  was  applied  to  substantial  imi)Vovcnu'nts,  includ- 
ing separation  of  grades  at  highways  and  railroads,  major  streets.  exi)res.sways 
at  grade,  and  freeways.  Tiiese  undertakings  have  provided  fi'eei'  and  safer  flow 
of  traffic  and  have  forestalled  intolerable  congestion. 

The  greatest  congestion  and  most  pressing  highway  problems  are  found  on 
urban  arterial  highways.  They  form  vital  links  between  industrial  assembly 
lines  and  manufacturers  of  parts  and  subassemblies,  and  are  the  principal  chan- 
nels of  transportation  between  factories  and  railroad  yards  and  wharves.  There 
is  scarcely  a  major  city  in  the  country  where  plans  for  improvement  of  arterial 
highways  are  not  under  study  or  actual  constrvTction  undertaken  or  completed. 

At  industrial  plants  and  other  establishments  essential  to  national  defense, 
peak  loads  of  traflac  occur  at  shift  changes  throughout  the  day  and  night,  but 
more  particularly  at  the  morning  and  evening  periods  wlien  work  starts  and 
ends.  Peak-hour  traffic  must  be  accommodated.  Resurfacing  or  widening,  with 
channelization  and  an  occasional  grade  separation,  are  resorted  to  where  they 
will  be  sufficient,  but  an  expressway  with  full  control  of  access  and  all  grades 
separated  is  often  the  only  satisfactory  solution.  Neither  time  nor  money  is 
available  for  early  completion  of  long  expressways  with  numerous  structures. 
As  a  consequence,  the  Bureau  is  approving  requests  by  State  highway  depart- 
ments for  stage  construction  that  will  provide  immediate  relief  at  the  most 
seriously  congested  points,  with  a  view  to  subsequent  construction  of  an  entire 
facility. 

Among  the  important  expressways  started  in  previous  years  and  on  which 
work  continued  during  the  year  are  the  John  C.  Lodge  and  Edsel  Ford  Express- 
ways in  Detroit,  the  Congress  Street  Expressway  in  Chicago,  the  Hollywood 
Freeway  in  Los  Angeles,  and  the  Major  Deegan  Expi-essway  in  New  York  City. 
Expressways  are  being  constructed  in  many  other  cities,  including  Boston, 
Providence,  Trenton,  Atlanta,  Cincinnati,  New  Orleans,  Houston.  Kansas  City, 
Denver,  San  Francisco,  Seattle,  New  Haven,  and  Pittsburgh. 

Initial  construction  on  new  expressways  must  often  be  limited  to  a  few  major 
facilities  designed  to  serve  industrial  areas.  One  such  project,  the  Los  .\ngeles 
River  Freeway,  is  a  part  of  a  long-range  plan  to  serve  a  rapidly  growing  urban 
area. 

Control  of  access 

There  has  been  a  growing  recognition  of  the  many  benefits  and  the  long- 
range  economy  of  control  of  access  on  major  routes  in  cities.  Where  there  is 
no  control  of  access,  and  roadside  businesses  develop  along  the  highway,  inter- 
ference between  through  traffic  and  the  roadside  becomes  of  major  importance, 
reducing  the  capacity  of  tlie  highway  and  increasing  accident  frequency.  As 
traffic  increases,  the  roadside  businesses  become  more  profitable  and  increase 
in  number,  still  further  increasing  interference,  lowering  capacity,  and  increas- 
ing hazard.  Congestion  develops,  and  attempts  to  correct  the  deficiency  by 
widening  are  prevented  by  the  high  value  of  the  very  businesses  which  produced 
the  obstructions.     Obsolescence  grows  and  authm-ities  are  ultimatelv  forced  to 


relocate  the  highway.     This  is  a  wasteful  procedure  which  may  be  avoided  by 
control  of  access  from  the  beginning. 

Work  on  Outstanding  Projects 

The  volume  of  ti'ausport  by  highway  of  people  and  goods  has  surged  upward 
with  the  growth  in  national  production.  In  every  part  of  the  country  great 
effort  has  been  required  to  lessen  the  number  of  Obstacles  to  transport  and 
thereby  lessen  its  cost  in  time  and  money. 

There  are  described  below  a  few  examples  of  the  thousands  of  improvements 
necessary  to  feed  our  people,  get  them  to  work,  supply  the  plants  in  which  they 
are  employed,  deliver  the  products,  and  serve  many  kinds  of  defense  establish- 
ments. 

Northern  Circumferential  Highioay  around  Boston. — The  Northern  Circum- 
ferential Highway,  a  28-mile  divided  highway  with  controlled  access,  was  very 
nearly  completed.  It  skirts  the  congested  areas  of  Boston  and  forms  an  impor- 
tant segment  of  the  cross-State  highway  system  which  connects  with  highways 
in  adjoining  States.  The  highway  is  entirely  on  new  location,  sweeping  through 
10  communities  on  an  arc  about  12  miles  from  downtown  Boston.  It  will 
serve  about  20,000  vehicles  a  day. 


Traffic  avoiding  the  congestion  of  Boston  will  now  use  an  e.xpressway  instead 
of  the  route  illustrated  in  the  inset. 


Travel  time  on  the  new  route  will  be  one-half  of  that  necessary  on  the  his- 
toric but  inadequate  and  circuitous  road  which  it  replaces.  The  narrow  roadway 
on  the  old  road,  with  34  bad  curves  and  frequent  crossing  streets,  resulted  in 
220  accidents  annually.  The  new  highway  has  39  highway  grade  separations, 
10  railroad  grade  separations,  and  5  river  structures. 

Several  defense  plants  are  already  being  constructed  in  locations  which  take 
advantage  of  interchanges  on  the  expressway,  indicating  a  trend  toward  the 


(Ii'vt'lopnient    (if    residoiitiul    nnd    industrial    aiM'us    in    ])ro.\iiiiit.v    to    tiic    new 
highway. 

Relocation  of  U  S  1  at  Darien,  Conn. — Darien,  Conn.,  is  on  what  was  in  colo- 
nial days  the  Boston  I'ost  lload  and  in  modern  times  U  S  1,  and  is  now  a  section 
of  the  National  System  of  Interstate  Hi.nhways.  It  is  the  only  feasible  trufk 
route  from  metropolitan  New  York  to  industrial  cities  in  Connecticut  and  east- 
ern New  England.  Traflic  of  10,500  vehicles  per  day  uses  the  old  two-lane 
road.  An  underpass  of  inadequate  clearance  daily  forces  1,100  tractor-trucks 
with  semitrailers  to  divert  to  narrow  residential  streets  because  they  cannot 


Relocation  of  V  S  1  at  Darien,  Conn. 


get  through  the  underpass.  They  are  bound  to  or  from  factories  engaged  in 
defense  work,  such  as  Remington  (munitions  and  arms),  General  Electric 
(electronic  equipment),  Jenkins  (valves),  Singer  Sewing  Machine  (arms). 
Bridgeport  Brass,  Sikorsky  Aircraft,  United  States  Rubber,  Chase  Brass,  Ana- 
conda Copper,  New  Departure  (bearings),  Pratt  &  Whitney  (aircraft  engines), 
Winchester  Arms,  and  those  of  many  smaller  companies. 

Accidents  per  million  vehicle-miles  of  travel  on  the  section  of  highway  have 
been  thirteen  times  as  frequent  as  on  highways  in  general  in  the  State. 


To  remedy  the  intolerable  condition,  with  its  depressing  effect  upon  the  en- 
tire city,  there  is  now  under  construction  a  modern  controlled-access,  high-speed, 
divided  highway  with  a  length  of  1.9  miles.  It  has  one  major  railroad  grade- 
separation  structure  and  four  highway  grade-separation  structures. 

This  project  is  so  designed  that  it  can  be  extended  at  both  ends  to  form  a 
part  of  eventual  improvement  from  the  New  York  State  line  to  New  Haven  and 
on  to  metropolitan  Boston. 

New  Jersey  opens  first  section  of  Trenton,  Freeu-atj. — For  many  years  traffic 
on  U  S  1  through  Trenton,  N.  J.,  has  had  to  use  congested  streets  through  the 
central  business  and  industrial  areas  of  the  city.  The  route  is  on  the  National 
System  of  Interstate  Highways.  To  eliminate  the  delays  to  through  traffic  and 
relieve  congestion  within  the  city,  a  freeway  is  now  being  built  at  the  edge  of 
the  central  area. 

Since  this  freeway  passes  through  a  completely  developed  area,  there  have 
been  many  unusual  construction  features.  One  section  is  located  over  an  old 
canal  now  supplying  water  for  industrial  uses.  Here  the  road  is  being  built 
on  top  of  a  concrete  culvert.  At  another  location,  it  was  necessary  to  divert  a 
stream  through  a  long  culvert  under  deep  fill  and  to  relocate  a  section  of  rail- 
road and  construct  sections  of  two  streets  in  order  to  provide  for  an  important 
interchange. 


1^'Cf^ 


The  Trenton  Vreetvay. 

The  first  section  of  this  improvement,  l)etween  two  major  interchanges,  is  now 
open  to  traffic.  When  completed,  the  freeway  will  allow  traffic  to  flow  without 
interruption  from  the  Pennsylvania  State  line  at  the  Delaware  River  to  the 
existing  U  S  1  north  of  Trenton.  This  improvement  will  be  of  great  benefit  to 
traffic  to  and  from  the  many  defense  industries  located  in  Trenton.  It  will  be 
of  particular  benefit  to  the  huge  Fairless  Steel  Plant  of  the  United  States  Steel 
Corp.  now  being  rushed  to  completion  near  Morrisville,  just  across  the  river 
in  Pennsylvania.  It  will  be  of  general  service  to  all  through  traffic  and  will 
furnish  relief  on  the  congested  streets  of  Trenton. 

hulian  River  Inlet  bridge. — In  1948  ice  formations  up  to  10  feet  thick  moved 
out  of  Delaware  Bay  into  the  ocean  and  were  then  driven  by  a  strong  wind  into 


10 


Iii(li;in  [Ii\('r  \'.;\\.  wIhtc  llic.v  swcpl  ii\\;iy  ;i  pdilioii  nl'  llic  hridLTc  jirmss  llic 
iiilcl.  Tlii't'i'  li\cs  ;in;l  1  \\n  Ncliiclcs  wtTc  losl  in  llic  disiislcr.  Ti'allic  wliicli 
iionii.-illy  I  i;i  vclcd  ll!'.j  iiiilcs  iilmij;-  tl.c  Ocean  I  li.iili\va\  froiii  liclioltot  li  I*>cacli 
to  lielliany  r.cacli  was  (Iclmn'cd  :!.";  miles  inland,  <  icea  n  I  Ii;;li\\ay  sci'vcs  ii 
rcsoi'l  area  llial  is  also  used  liy  nniilai'\  ani  lioril  ics  as  a  pciinanenl  l)as('  ntid  as 
a  Iraiinn.i;'  area.  Keplaeeuienl  nf  llie  deslrnyed  |iiii-lii>n  nf  llie  Inid^ii'  was  com- 
pleted in  I  lie  liscal  year  by  llic  Stale  (d'  1  )ela\vare. 


Damage  to  the  Indian  River  Inlet  bridge  in  Delaware  by  ice.  and  the 
replaced    structure. 

Pennsiilrania  develops  route  for  hidustrial  traffic. — The  development  of  a  fonr- 
lane  divided  liigliway  on  the  route  of  the  interstate  system  between  Harrisburg, 
Pa.,  and  the  Pennsylvania-New  Jersey  line  at  Easton  (U  S  22)  continued  during 
the  year  with  the  completion  of  an  SVj-mile  section  approximately  40  miles 
east  of  Harrisburg,  and  with  the  initiation  of  construction  on  the  more  heavily 
congested  section  of  the  route  through  the  Allentown-Bethlehem-Easton  area. 
Plans  have  also  been  completed  or  are  in  the  process  of  development  for  im- 
provement to  interstate  system  standards  of  the  remaining  portion  of  the  route 
between  Harrisburg  and  Allentown. 
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The  section  through  the  AUeutown-Bethlehem-Easton  area,  locally  known 
as  the  Allentown-Bethlehem  bypass,  is  on  new  location  lying  to  the  north  of 
the  present  highway  which  follows  a  circuituous  route  through  the  city  streets 
of  these  contiguous  urban  areas.  Traffic  is  badly  congested  on  U  S  22  through 
the  two  cities,  and  peak-hour  loads  result  in  vehicles  being  backed  up  for  con- 
siderable distances.  Heavy  cross  traffic  at  many  intersecting  streets  has  neces- 
sitated placement  of  traffic  lights  which  impede  free  movement  on  the  through 
route. 

The  facility  now  under  construction  will  be  a  four-lane  controlled-access 
highway  approximately  22  miles  in  length,  beginning  at  a  point  west  of  Allen- 
town  and  extending  to  the  Delaware  River  Bridge  leading  into  New  Jersey. 
Upon  completion  of  the  entire  highway,  substantial  permanent  relief  from  con- 
gestion will  be  provided.  Travel  time  will  be  reduced  materially  for  the  heavy 
interstate  traffic  between  the  New  York  City  metropolitan  area  and  Pennsyl- 
vania's large  industrial  centers  at  Pittsburgh,  Harrisburg,  Reading,  Allentown, 
and  Bethlehem. 

Bridge  replacement  in  Ohio. — Replacement  of  old  bridges  is  an  activity  that 
must  go  on  in  Ohio  (as  in  all  States)  if  the  highway  system  is  to  continue  to 
give  service.  Vehicles  can  move,  after  a  fashion,  over  an  old  highway  filled 
with  holes ;  but  all  traffic  stops  when  a  bridge  collapses  into  the  stream.  For 
some  years  Ohio  has  been  faced  with  the  problem  of  replacing  many  bridges 
that  cannot  be  depended  upon  to  carry  the  heavy  loads  now  moving  over  roads 
of  all  classes. 

The  18,000-mile  system  of  Ohio  State  highways  has  6,300  bridges  over  20 
feet  in  span.  Many  are  60  or  70  years  old  and  some  were  built  before  the  Civil 
War.  That  so  many  are  still  in  use  is  high  tribute  to  the  builders.  The  State 
is  far  behind  iia  its  renewal  program,  since  2,500'  bridges  are  posted  for  loads 
less  than  is  legally  permissible  on  the  highways.  In  some  instances  it  is 
necessary  for  school  busses  to  stop  at  a  bridge,  discharge  the  passengers,  cross 
the  bridge  empty,  and  then  pick  up  the  passengers  on  the  other  side,  because 
the  bridge  is  too  weak  to  risk  crossing  with  a  load  of  school  children. 

Ohio  is  both  an  agricultural  and  industrial  State  and  cannot  afCord  to  have 
gaps  in  its  transport  system  due  to  fallen  or  closed  bridges.  During  the 
calendar  year  1950,  plans  were  approved  for  110  bridges  to  be  built  with  Federal 
aid.  Many  of  these  bridges  were  under  construction  at  the  end  of  the  fiscal 
year. 

Road  to  Savannah  River  Atomic  Energy  plant. — Early  in  December  1950  the 
Atomic  Energy  Commission  requested  construction  of  an  access  road  to  its 
projected  plant  on  the  Savannah  River  southeast  of  Augusta,  Ga.,  and  south  of 
Aiken,  S.  C.  It  was  stipulated  that  the  roadway  must  accommodate  5,000 
vehicles  an  hour  and  that  it  must  be  available  for  the  plant  traffic  by  July  1,  1951. 

On  December  4,  1950,  the  South  Carolina  State  Highway  Department,  work- 
ing in  collaboration  with  the  Bureau,  began  the  preliminary  engineering  work 
on  the  project.  A  contract  for  construction  was  awarded  January  9,  1951,  and 
construction  began  January  15.     The  highway  was  open  to  traffic  on  July  1. 

The  entire  improvement  involved  the  construction  of  approximately  17  miles 
of  four-lane  divided  highway  and  4  miles  of  two-lane  undivided  highway,  and  a 
number  of  grade  separation  structures,  some  of  wliich  were  still  being  worked 
on  at  the  end  of  the  year. 

Ninety  mMes  of  multilane  highway  in  and  near  Atlanta. — The  four-lane  high- 
way from  Atlanta  to  Marietta,  Ga.,  is  being  extended  northerly  on  new  location 
about  30  miles,  avoiding  the  small  congested  communities  en  route  and  skirting 
the  Cartersville  urban  area. 
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'J'hc  oi'if;iii;il    l>>  I'odl    |i;i\<'iiiciil    Idlldws   wimliiiti   liir;il  ion    tlimuKli    'li'"    \;ill<'\-^ 

.•111(1  gups  of  I  lie  ill  OcDijiiji  iiKiiiiilaiiis.     Trjid'n'  dchiys  mikI  liiKliway  jircidciits 

(III  fho  old  fond  liinc  liccn  lii^;li  (liic  lo  linllir  Miliiincs  ic-iclniif;  10,((0()  vehicles 
(liiily,  iiicliidiiifi  l.liOO  licivy  tnicUs  iind  I  r.-icldf  I  i;iilcis.  'I'in'  new  location  WHS 
solt'ctcd  to  iicniiil  cuiisl  niii  inn  In  slMiidiirds  for  tiic  iiilcrsliilc  system  .'ind  ro 
Jivoid  tlic  newly  iiiiiudnled  All.il  ihhih  Ues(>rvoii\  Uoiid  delieieneies  were  Inctipj-s 
in  73  of  the  104  accidents  occiii  riii^  in  1!> !'.»  on  I  lie  I'd  miles  of  I  Ik  nld  innd  lid  ween 
Marietta  and  Carlersville. 

The  improvement  connects  with  n  six-lane  expressway  under  coiisl  ni(;tion  on 
V  S  41  through  the  Atlanta  area.  Surveys,  jilans,  and  ac(|uisit  ion  of  right-of- 
way  are  under  way  to  extend  I'diir  lane  impi<ivcmcnts  Id  miles  sdulli  of  Atlanta 
to  Griffin.  When  comiilete,  lliese  ;i(»  miles  df  niddern  mnltilane  improvements 
will  save  6  million  luiiirs  in  I  I'a  vel  I  inic  annua  I!  \  and  will  sniisl  ani  ia  lly  reduce  the 
exceedingly  high  accident  I'ate. 

U  S  41  is  a  part  of  the  National  System  ol'  lulersinie  lli.t;iiways  and  connects 
the  Central  States  with  the  resort  and  metropolitan  areas  in  (Jeorgia  and  Florida. 
It  directly  serves  the  Lockluvd  Airci-al't  plant  and  Dohhins  Air  Base  at  Marietta 
and  many  defense  installations  in  the  Atlanta  and  Macon  metrfipolitan  areas. 
It  is  also  the  tixed  route  for  many  commercial  ti'uck  and  hus  lines  interchanging 
freight  and  passengei's  hetween  the  South  and  the  Central  States. 


■}§f. 
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Obstacles  to  traffic,  such  as  this  substaiulard  underpass,  icere  eliminated  by 
the  modern  four-lane  improvement  of  V  S  41  between  Atlanta  and  Marietta, 
Ga. 

Emergenctj  action  in  KentnckiJ. — Construction  of  the  Kentucky  Area  plant 
of  the  Atomic  Energy  Commission,  located  Ui  miles  west  of  downtown 
Paducah,  Ky..  was  started  during  the  year  and  is  expected  to  be 
completed  late  in  1952  at  a  cost  in  excess  of  -i^o.'W  million.  During  this 
period  a  maximum  of  12,500  workers  will  be  employed  daily,  but  thereafter  a 
much  smaller  force  will  oi)erate  the  plant.  The  need  for  daily  travel  by  large 
numbers  of  workers  is  temporary.     As  the  number  of  plant  employees  was  rapidly 
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increasing  each  clay,  the  necessity  for  early  action  was  evident.  Studies  made 
indicated  that  in  addition  to  the  present  approach  roads,  two  additional  lanes 
for  peak-load  traffic  from  Paducah  were  necessary.  These  lanes  were  provided 
by  widening  portions  of  the  existing  roads  to  three  lanes,  which  allows  the  use 
of  two  lanes  in  the  direction  of  peak  traffic.  A  three-lane  road  is  seldom  de- 
sirable but  in  this  instance  it  provides  a  quick  and  relatively  cheap  solution. 
When  the  plant  is  completed,  the  road  will  be  reconverted  to  two  lanes. 

The  Detroit  expressways. — July  9,  1951,  was  the  beginning  of  a  new  era  of 
automobile  transportation  in  Detroit.  The  first  section  of  the  Edsel  Ford  Ex- 
pressway, extending  from  the  west  corporate  limits  of  Detroit  easterly  about. 2 
miles,  was  formally  dedicated.  The  improvement  is  depressed  below  ground 
level,  with  all  principal  intersecting  streets  carried  over  the  six  expressway 
lanes.  Frontage  roads  are  provided  at  ground  level  for  local  traffic.  The  com- 
pleted section  was  financed  jointly  by  the  Federal  Government,  the  State  of  Mich- 
igan, Wayne  County,  and  the  City  of  Detroit. 


The  Edsel  Ford  E.xpresstvay  in  Detroit. 

In  addition  to  serving  the  high  volume  of  traffic  using  the  expressway,  move- 
ment of  the  tremendously  large  volume  of  raw  materials  and  mechanical  parts 
which  are  transported  by  truck  between  the  important  industries  of  the  Detroit 
area  will  be  expedited  by  the  reduced  congestion  already  noticeable  adjacent  to 
the  section  completed. 

The  remaining  3  miles  of  this  expressway  and  the  3V2  miles  of  the  connecting 
John  C.  Lodge  Expressway  are  partially  under  construction  and  should  be  opened 
to  traffic  in  1953. 

The  extension  of  the  Edsel  Ford  Expressway  to  the  northeast  corporate  limits 
of  Detroit  and  of  the  John  C.  Lodge  Expressway  to  the  north  limits  of  Detroit 
are  now  in  the  planning  stage,  and  will  be  advanced  to  construction  as  soon  as 
funds  from  a  bond  issue  recently  authorized  by  the  legislature  are  made  avail- 
able. This  method  of  financing  will  advance  the  completion  of  these  vital  traffic 
arteries  by  several  years. 

Twin  Cities-Duluth  Mglvway. — Since  World  War  II,  planning  officials  of  the 
Minnesota  Department  of  Highways  and  the  Bureau  have  been  well  aware  of 
the  need  for  improvement  of  U  S  Gl.  a  major  link  in  the  interstate  system  connect- 
ing Duluth  with  ^Minneapolis  and  St.  Paul. 

Duluth  is  at  the  head  of  the  Great  Lakes  and  serves  as  a  distributing  center 
for  shipping  arriving  via  Lake  Snperioi',  including  products  destined  for  Min- 
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iicMpolis-Sl.  I'.'iiil  .-111(1  the  ii- -Anu.''  lilics  I"  Hi''  iimlli.      iMiliiili   is  the  sliippin^ 

center  for  iron  ore  frum  tlir  .Miiinrsot.-i  iron  i;nmc  to  tin'  >i''<'l  mills  nc-ir  I  he 
OiisU-rn  Groiit.  L;iki's. 

Trior  to  (in'  prcscnl    pi<iL;r:i f  irconsl  lud  inn    \     S  C.l    mn-islfd   ,,\'  jipproxi- 

niiih'ly  ino  miles  of  old  concrclc  (•oiisl  i-iiftcd   in   tl .■irl\    I'.rju's.     Tin'  liiuliwiiy 

its  it  now  exists,  willi  its  nni-mw  is  foul  widlli,  nnmci<ins  sliiir|i  enrves.  nnd 
li;i/:ir(lons  snnnnits.  is  olisolete  for  I  lie  d.iily  li-.illic  -if  :^. .'.()()  \cliieles.  'J'lic  ]>;iv«- 
nu-nt  is  i-oujili  ami  cr.'K'ked.  .Mndi  nt  i  he  n<'\v  imprns  emeiit  consists  of  a  24-foot 
l»itniniiu)us  surfiiee,  with  s-fool  gravel  shonhleis,  Hal  enrves.  and  unrestricted 
siglit  distances.  Divided  lii^liways  aic  const  lucied  in  the  more  congested  areas 
aiiproacliinir  major  towns  and  cities. 

licconstruction  was  bejinn  in  T.t-IT  on  -I  miles  (d'  divided  iii^;li\vay  apiimaehinK 
Diiinlli.  Since  that  lime  tlie  State  lias  completed  :'>:',  miles  of  i-oadway.  At  tlie 
end  of  tlie  year  :'>7>  miles  were  under  const  ruction  and  contracts  were  to  he  let  foi- 
ir»  miles  more.  The  State  intends  to  pni  an  addilional  .".T  miles  nnder  con- 
struction by  lJ)ri2.  Work  will  ]n-<ihahly  he  slarled  on  the  remaiidnji  l.'i  miles  in 
1953,  which  will  result  in  the  cumplelion  (d'  the  enliie  inral  length  liy  t'.l."')4  or 
^U~>~^.    Federal  aid  has  been  nsed  on  all  of  the  work. 


The  Valley  Freeivay  in  Denier. 

ValU'H  Frcciniji  in  Dviircr. — I"\)r  several  years  Denver  debated  what  to  do 
about  its  growing  traftic  problems,  but  it  is  now  making  good  progress  on  a 
major  improvement  known  as  the  Valley  Freeway,  a  four-lane  divided  highway 
with  controlled  access.  It  traverses  the  city  in  a  north-south  direction  along  the 
Platte  River  Valley,  passing  west  of  the  business  section  and  thence  southeasterly, 
for  a  total  length  in  the  city  of  0..3  miles.  Grades  of  cross  streets  are  to  be 
separated  and  adequate  interchanges  provided.     About  2%  ruiles  on  the  north 
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end  are  substantially  completed,  with  a  connection  to  serve  the  northwest  section 
of  the  city.  Work  will  be  continued  by  sections  as  funds  permit  until  the  entire 
improvement  is  completed.    This  route  is  a  part  of  the  interstate  system. 

Approach  to  Pacheco  Pass  in  California. — A  recently  completed  section  of 
highway  has  provided  a  long  desired  improvement  on  the  westerly  approach  to 
Pacheco  Pass  in  California — one  of  the  few  usable  passes  through  the  Coast 
Range  separating  the  Santa  Clara  and  San  Joaquin  Valleys.  In  1858  this  pass 
was  used  by  the  Butterfleld  Overland  Stage  in  delivering  the  first  United  States 
mail  to  San  Francisco  via  the  overland  route  from  St.  Louis.  The  reconstruction 
on  new  location  provides  3..3  miles  of  four-lane  divided  highway  on  a  good 
alinement,  with  no  gradient  over  6  percent.  A  widened  area  is  provided  on  both 
sides  of  the  highway  at  the  summit  where  trucks  may  park  off  the  highway 
for  mechanical  inspection  before  starting  to  descend  the  sustained  grades  on 
either  side  of  the  mountain  range. 

The  improvement  eliminates  a  narrow  and  tortuous  two-lane  road  on  which 
there  were  28  curves,  17  of  which  had  radii  between  100  and  400  feet.  While 
the  old  road  would  have  appeared  more  than  adequate  to  Butterfield  stage 
drivers,  it  had  long  been  inadequate  for  the  daily  traffic  of  4,000  vehicles,  of 
which  some  500  are  heavy  trucks.  The  new  facility  has  eliminated  the  long 
strings  of  passenger  cars  following  trucks  which  crawled  up  the  old  grade,  and 
has  greatly  reduced  the  accident  rate.  The  picture  on  the  cover  shows  the 
marked  improvement  made  in  this  important  road. 

Bridge  at  Ponca  City,  Okla. — Replacement  of  weak  and  obsolete  bridges 
is  as  urgent  as  any  part  of  the  highway  program.  Because  of  lack  of  funds  the 
States  are  not  always  able  to  replace  bridges  as  they  become  unsafe.  Every  year 
there  are  a  number  of  bridge  failures  caused  by  heavy  loads  or  a  vehicle  striking 
a  critical  part  of  the  bridge.  The  accompanying  illustration  shows  what  hap- 
pened to  an  old  bridge  on  U  S  60  near  Ponca  City,  Okla.,  when  a  truck  hit  the 
truss.  The  replacement  structure,  completed  with  Federal  aid,  is  shown  in  the 
inset. 


Bridge  span   on   U  S  60   in  Oklahoma   tlestroyed   hr   truck   collision,  and   the 

replacement  structure. 
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The  Alaskan  Way  in  Seattle. 

The  Ahi.sJidti  Way  in  Scvttle. — Seattle  occupies  a  confinecl  area  between  Puget 
Sound  on  the  west  and  Lake  Washington  on  the  east.  Trattic  generated  in  this 
metropolitan  area,  with  a  population  of  approximately  one-half  million  people, 
is  predominantly  a  north-south  movement  due  to  the  natural  barriers.  There 
is  great  congestion  on  the  north-south  streets  passing  through  the  central  business 
district.  These  streets  also  carry  through  traffic  on  the  Pacific  Highway  (U  S  99) , 
the  heaviest  traveled  route  in  the  State  of  Washington. 

To  provide  major  relief,  the  Alaskan  Way  was  developed  as  a  central  business 
district  bypass.  Traffic  surveys  indicated  that  sufficient  traffic  desires  to  avoid 
the  central  business  district  to  warrant  construction  of  a  six-lane  freeway. 
Conditions  made  it  necessary  to  use  both  sub-way  and  viaduct  constx'uction. 
Tlie  first  section  on  the  project  was  completed  during  the  year  but  three  addi- 
tional contracts  will  be  required  to  complete  a  usable  facility.  Work  on  all  of 
these  sections  was  expected  to  be  under  way  within  a  few  months.  This  project 
is  of  great  importance  to  one  of  the  principal  ports  of  the  country. 

RclHihilitniion  of  U  8  SO  in  lotva. — U  S  30  in  Iowa,  a  346-mile  route  fi'om  the 
Missouri  liiver  to  tlie  Mississippi  River  across  the  central  part  of  the  State,  is 
an  imi)ortant  cross-country  route  and  carries  a  lieavy  load  of  local  and  interstate 
I  rucking.  The  route  serves  the  industrial  center  of  Cedar  Rapids  where  plants 
of  the  Quaker  Oats  Company,  Penick  &  Ford,  LaPlante  Clioate  Company,  Link- 
Belt  Speeder,  Iowa  Manufacturing  Company.  Wilson  &  Company,  Collins  Radio 
Company,  and  many  smaller  manufacturers  are  located.  It  also  serves  numerous 
local  produce  centers  and  carries  a  heavy  transport  of  livestock  to  the  packing 
industry  in  Omaha,  Nebr.  The  average  trafl!ic  over  the  route  in  1950  was  2.634 
vehicles  per  day,  of  which  22  percent  were  trucks  and  busses.  The  average  daily 
traffic  reached  a  maximum  4,500  vehicles  on  some  rural  sections  with  25  i>ercent 
trucks  and  busses. 

Most  of  the  route  was  paved  with  IS-foot  concrete  pavement  during  the  late 
twenties  and  early  thirties.  Due  to  heavy  truckloads  during  the  war  years, 
the  increased  traffic  load  since  ilic  war.  tlu'  disintegration  of  concrete  on  some 
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sections,  and  the  20-  to  25-year  age  of  the  pavement,  much  of  the  route  has 
deteriorated  to  a  condition  entirely  inadequate  for  existing  traffic.  During  the 
exceedingly  cold  winter  and  wet  spring  of  1950^51  the  bottom  literally  fell  otit 
on  some  sections,  adding  to  already  increasing  traffic  hazards  and  maintenance 
costs. 

After  World  War  II,  the  Iowa  State  Highway  Commission  initiated  a  long- 
range  program  for  reconstruction  of  U  S  30.  One  10-mile  relocation  was  com- 
pleted in  1949  with  Federal-aid  assistance.  A  program  of  resurfacing  of  existing 
concrete  pavements,  with  some  grade  improvements,  new  bridges,  and  widened 
and  regraded  right-of-way,  was  initiated  in  1949  and  has  resulted  in  completion 
during  the  past  year  of  21  miles  of  reinforced  concrete  pavement  and  15  miles 
of  asphaltic  concrete  pavement.  Nine  miles  of  concrete  and  12  miles  of  asphaltic 
concrete  were  nearing  completion  at  the  end  of  the  year.  Wherever  resurfacing 
is  done,  width  is  increased  to  24  feet. 

In  addition,  one  city  project  has  been  completed  and  another  with  a  grade 
separation  is  under  construction.  Both  have  four-lane  reinforced  concrete  pave- 
ments and  total  1.8  miles  in  length.  At  the  end  of  the  year  the  State  was  com 
pleting  plans  for  two  major  relocations  of  U  S  30  totaling  29  miles  and  involving 
extensive  grading  and  several  bridges.  Federal  funds  have  been  used  on  69 
miles  of  recent  improvements. 

Secondary  or  Farm-to-Market  Roads 

The  13,803  miles  of  secondary  or  farm-to-market  roads  completed  during  the 
year  exceeded  the  accomplishment  of  the  pi-evious  year  by  nearly  600  miles  and 
established  a  new  record.  The  mileage  is  almost  enovigh  to  reach  across  the 
continent  five  times.  The  new  mileage,  added  to  that  previously  completed, 
brings  the  total  for  this  program  to  55,483  miles — enough  to  reach  more  than 
twice  around  the  world.  Work  of  the  year  was  financed  by  an  authorization  of 
$135  million  and  amounts  remaining  from  previous  authorizations. 

At  the  end  of  the  year,  7,915  miles  were  under  construction,  work  was  soon 
to  begin  on  2,292  miles  for  which  contracts  had  been  awarded,  plans  were 
approved  for  2,013  miles,  and  programs  had  been  approved  for  an  additional 
10,889  miles.  The  mileage  under  construction  was  about  1,100  miles  less  than 
at  the  end  of  the  previous  year — an  indication  of  the  dampening  effect  of  defense 
activity  on  construction  of  secondary  roads. 

The  above  figures  indicate  almost  79,000  miles  of  secondary  road  improvement. 
Remainders  of  apportioned  funds  not  assigned  to  projects  as  of  June  30,  1951, 
and  funds  to  be  apportioned  for  the  fiscal  year  beginning  July  1,  1952,  should 
provide  the  Federal  share  on  about  29,000  miles. 

The  system  of  Federal-aid  secondary  roads  is  not  arbitrarily  limited  in  extent 
but  roads  to  be  eligible  for  improvement  with  Federal-aid  secondary  funds  must 
lie  on  the  system.  All  roads  on  the  system  have  been  cooperatively  selected  by 
State  and  local  officials  and  approved  by  the  Bureau.  At  the  end  of  the  year 
the  system  totaled  415,374  miles  in  the  48  States,  and  416,989  miles  if  portions 
in  Hawaii,  Puerto  Rico,  and  the  District  of  Columbia  are  included. 

The  legislation  of  1950  provided  that  "  *  *  *  any  State  desiring  to  avail 
itself  of  the  benefits  of  the  funds  apportioned  for  expenditure  on  the  Federal-aid 
secondary  highway  system  shall  establish  in  its  State  highway  department 
within  six  months  after  the  close  of  the  next  regular  session  of  its  legislature,  a 
secondary  road  unit  and  such  department  shall  be  suitably  organized  to  discharge 
to  the  satisfaction  of  the  Secretary  of  Commerce,  the  duties  herein  required : 
Provided,  that  any  State  highway  department  may  arrange  with  any  county  or 
group  of  counties  having  competent  highway  engineering  personnel,  suitably 
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organized  and  equipped  to  the  satisfaction  nf  iiir  state  liigliway  dcjyarlnient,  to 
supervise  construction  and  maintenancre  on  a  county-unit  or  group-unit  basis 
tor  the  construction  and  maintenance  of  secondary  i-oad  projects     *     *     *     " 

As  a  result  of  this  provision,  all  States  are  examining  their  ndniinisl  lal  i  vo 
(trganizations  and  procedures,  proposing  sucli  adniinisti-ative  ;ind  legisliitive 
changes  as  are  necessary  to  meet  the  re(iuirements,  Mud  sul)niltting  them  to  the 
Bureau  for  approval.  At  the  end  of  the  fiscal  year,  changes  in  two  States  had 
been  approved  and  other  States  were  submitting  their  proposals.  It  is  interesting 
to  note  that  during  the  year  one  additional  State— Mississippi— passed  legislation 
requiring  the  employment  of  county  highway  engineers  for  tlie  management  of 
county  highway  operations.  This  makes  the  sixteenth  State  where  local  high- 
way organizations,  in  general,  are  now  considered  competent  to  liandh'  tlie 
engineering  work  necessary  in  the  Federal-aid  secondary  program. 

The  board  of  county  consultants,  comprised  of  one  county  engineer  or  county 
official  from  each  of  the  10  operating  divisions  of  the  Bureau,  is  being  continued  as 
a  fixed  policy  of  the  Bureau.  The  board  members  act  in  a  consulting  and  advisory 
capacity  on  the  many  troublesome  administrative  problems  which  arise  in  a 
program  involving  more  than  3,000  units  of  government.  Their  advice  is  highly 
respected. 

Highway  Improvement   Vmler  Direct  Supervision  of  the  Bureau 

The  Bureau,  as  the  principal  road-building  agency  of  the  Federal  Government, 
receives  annual  appropriations  for  work  on  major  highways  through  National 
forests.  A  large  amount  of  highway  engineering  and  construction  supervision 
is  also  done  by  the  Bureau  for  other  government  agencies,  sometimes  as  a  result 
of  legislative  requirements  and  sometimes  at  the  voluntary  request  of  agencies 
desiring  to  take  advantage  of  an  organization  equipped  for  prompt  action.  In 
such  work  the  Bureau  prepares  plans,  awards  contracts,  and  supervises  con- 
struction. The  extent  of  these  activities  during  the  fiscal  year  is  indicated 
below. 

Forest  highways '$19,  509,204 

Park  roads  and  trails '2,646,014 

Parkways —  '  4.  013.  26» 

Forest  development  roads til  0.  951 

Cooperative  work,  forest  highways    (contributions  for   local 

work) — 674,  490 

Virgin    Islands 71,  400 

Los  Alamos  roads  (Atomic  Energy  Commission) 20,495 

Arco  Road    (Atomic  Energy  Commission) 576,510 

Emergency  reconstruction  and  repairs   (Forest  Service) 234,149 

Roads,  bridges,  and  trails  in  Alaska  : 

Turnagain  Arm 1,  986,  996 

Other  highways 1,  076, 194 

Construction  in  interior  Alaska  for  Alaska  Road  Com- 
mission   ^  2. 119, 138 

Bonneville  transmission-line  access  road 116,  347 

Roads  for  Bureau  of  Laud  Management 73,868 


Total 33,  679,  025 

^  Includes  $7,500  transferred  to  Forest  Service  for  minor  work. 

'  Includes  expenditures  by  National  Park  Service. 

*  Estimated  value  of  payments  made  by  Alaska  Road  Commission. 
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Forest  highways 

The  Federal  Government  has  been  constructing  and  improving  highways 
through  National  forests  for  about  35  years.  Programs  of  projects  on  the  major 
highways  are  agreed  upon  jointly  by  the  Forest  Service,  the  State  highway 
departments,  and  the  Bureau,  and  survey,  design,  construction,  and  maintenance 
are  done  under  the  direct  supervision  of  the  Bureau. 

Some  of  the  Forest  highways  coincide  with  sections  of  the  interstate  system,  and 
41  percent  are  on  the  Federal-aid  highway  system  and  33  percent  are  on  the 
Federal-aid  secondary  system.  The  remainder  are  local  roads  for  forest  protec- 
tion and  administration  and  access  roads  to  natural  resources  and  recreation 
attractions.  A  compelling  reason  for  Federal  financing  and  supervision  of  con- 
struction of  these  roads  is  the  obligation  incurred  by  reserving  great  areas  of  land 
for  public  use.  Highways  must  be  built  across  these  areas  to  give  outlets  to  many 
isolated  communities,  to  permit  development  of  State  systems  with  reasonable 
directness  of  travel,  and  to  make  possible  interstate  and  transcontinental  routes. 
Forest  highways  form  necessary  links  in  highway  systems  of  all  classes. 

The  need  for  improvement  of  these  links  has  increased  with  the  enormous 
growth  of  highway  transportation,  and  with  the  growth  in  population  and  activi- 
ties in  the  areas  surrounding  the  forests. 

The  gap  between  existing  road  conditions  and  urgently  needed  improvements 
has  become  wider  than  ever  before.  Becaiase  most  forest  roads  are  in  mountain- 
ous areas,  the  dangers  and  deficiencies  of  the  older  roads  are  more  conspicuous 
than  in  most  parts  of  the  country. 

Available  funds  have  been  concentrated  very  largely  on  reconditioning  and 
modernizing  highways  built  in  the  earlier  years  according  to  standards  much 
lower  than  are.  now  required.  It  was  not  possible  to  recondition  many  of  tiie 
roads  in  bad  condition  or  to  provide  new  construction  that  is  much  needed. 

Forest  highway  systems  include  10,938  miles  in  the  eastern  and  central  portions 
of  the  country  and  12,374  miles  in  the  west  and  in  Alaska.  During  the  year 
improvements  were  completed  on  568  miles  at  a  total  cost  of  $22,689,006.  At  the 
end  of  the  year  428  miles  were  under  construction  at  a  total  cost  of  $17,409,096. 
Details  by  States  are  given  in  table  17  of  the  appendix.  Typical  forest  highway 
improvements  are  described  below. 

Randle-YaMma  Highway. — This  72-mile  forest  highway  is  a  part  of  the  State 
highway  system  of  Washington.  It  is  a  rather  long  route  that  has  been  highly 
expensive  to  construct.  Construction  by  sections  with  forest  highway  funds  on 
the  western  side  of  White  Pass  has  been  in  progress  for  some  20  years.  The  State 
has  completed  the  road  on  the  east  side  of  the  pass  with  its  own  funds.  There 
has  been  insistent  demand  for  completion  of  this  route  to  permit  satisfactory 
travel  between  Yakima  Valley  and  southwest  Washington.  The  route  crosses 
White  Pass  at  an  elevation  of  4,500  feet  and  will  serve  trafllc  that  has  had  to  use 
an  indirect  route  through  Chinook  Pass,  at  an  elevation  of  5,440  feet,  which  is 
blocked  with  snow  for  several  months  each  year.  Twenty  miles  of  travel  will  be 
saved.  During  the  year  work  progressed  on  the  last  gap  in  the  White  Pass  route 
and  completion  was  expected  shortly  after  the  end  of  the  year. 

Ketchttm-Clayton  Highway. — Constrviction  of  this  118-mile  route  in  Idalio  was 
begun  in  1919  and  year  by  year  successive  sections  were  improved.  The  char- 
acter of  the  improvement  was  influenced  by  the  rugged  country  traversed,  the 
necessity  of  completing  the  improvement  within  a  reasonable  period  of  years,  and 
the  relatively  small  volume  of  trafl^c  expected  at  the  time.  The  old  improvement 
has  been  obsolete  for  some  years.  During  the  year  work  progressed  on  recon- 
struction of  the  highway  to  modern  standards,  including  replacement  of  inade- 
quate bridges.     This  project  is  typical  of  the  general  forest  highway  program. 
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North  Suntiain  H  iijli  icdi/.-ln  Ure^^iii  iL  has  Ih-lmi  iio<'fssar.v  to  relocate'  15.6 
miles  of  forest  highway  because  of  construction  of  Detroit  Dam  and  the  result- 
ing reservoir.  The  work  is  being  paid  for  very  largely  with  funds  provided  for 
the  power  project.  Work  on  the  highway  rdncalidii  was  started  in  1947  and  was 
very  nearly  coinpl<'<<'(l  .•il  llic  end  of  tlic  year. 

National  park  highways,  park  approach  roads,  and  parkways 

I'rogranis  for  the  iiiiprovoment  of  highways  maldiig  National  parks  aceessi- 
IpIc  to  the  public,  and  lor  i)arkways,  are  developed  in  cooperation  with  the 
National  Park  Service.  Construction  contracts  are  awarded  by  the  Secretary 
of  the  Interior  but  the  Bureau  does  all  engineering  work  for  major  improve- 
ments, including  supervision  of  construction. 

Progress  in  improvement  was  about  the  same  as  in  the  previous  year.  High- 
ways completed  amounted  to  116  miles,  and  2G4  miles  were  under  construction 
at  the  end  of  the  year.    Details  are  given  in  tables  18  and  19  of  the  appendix. 

The  Bureau  and  the  National  Park  Service  continued  the  joint  undertaking 
vf  planning  pai-k  highway  systems  and  approach  roads  to  serve  adequately  the 
increasing  number  of  tourists  visiting  the  park  areas  each  year.  Examples  of 
current  park  improvements  follow. 

Going-To-The-Sim  Higliicay. — This  highway  in  Glacier  National  Park  was  the 
first  constructed  by  the  Bureau  for  the  National  Park  Service.  Since  its  con- 
struction 25  years  ago,  some  portions  have  become  obsolete.  Maintenance  to 
accommodate  the  large  volume  of  simnner  tourists  became  highly  expensive. 
Reconstruction  of  secti(ms  of  the  highway  was  begun. 

Blue  Ridt/e  Parkwaii. — This  parkway,  478  miles  in  length,  extends  between 
the  Shenandoah  National  Park  in  Virginia  and  the  Great  Smoky  Mountains 
National  Park  in  North  Carolina.  It  is  an  outstanding  scenic  route  and  com- 
pleted sections  are  already  used  by  large  numbers  of  tourists.  Construction 
work  was  started  in  1935,  and  the  present  status  of  the  parkway  is  as  follows : 
254  miles  paved,  14  miles  of  base  course  not  yet  paved,  11  miles  of  earth  grad- 
ing under  way.  69  miles  of  paving  under  construction,  and  130  miles  not  as  yet 
graded.  The  6S  miles  of  construction  completed  during  the  year  and  80  miles 
inider  construction  at  the  end  of  tiie  year  indicate  the  interest  in  completing  this 
parkway  as  soon  as  possible. 

Baltimore-Washington  ParLirdii. — Ct)mpletion  of  a  parkway  approach  to 
Washington  from  Baltimore  has  been  needed  for  many  years.  The  parkway 
planned  is  to  have  all  of  the  features  of  an  express  highway.  The  divided 
roadway  will  have  no  cross  traffic,  and  a  wide  right-of-way  will  assure  per- 
manent parkway  conditions.  ISIaryland  is  to  build  appi-oximately  half  of  the 
improvement  as  a  Federal-aid  project  and  the  other  half,  18.5  miles,  is  to  be  built 
with  parkway  funds. 

Work  on  the  section  to  be  built  entirely  with  Federal  funds  has  been  in  prog- 
ress since  1945,  but  the  rate  of  improvement  has  been  rather  slow  because  of 
the  limited  funds  available.  Additional  funds  provided  during  the  year  have 
permitted  acceleration  of  progress.  Six  miles  of  grading  had  l>een  completed  in 
previous  years.  Work  was  begun  on  an  additional  3.5  miles  of  grading  and  on 
nine  bridges. 

Forest  development  roads 

By  agreement  with  the  Forest  Service  of  the  Department  of  Agriculture,  the 
Bureau,  when  requested,  makes  surveys,  prepares  plans,  and  supervises  con- 
struction of  forest  development  roads.  These  roads  are  of  primary  importance 
for  the  protection,  administration,  and  utilization  of  the  National  forests.    They 
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are  feeder  roads  to  the  forest  highways.    A  considerable  volume  of  this  work  is 
performed  by  the  Bureau. 

During  the  fiscal  year  this  work  involved  surveys  for  238  miles  and  construc- 
tion of  76  miles. 

Public  land  highways 

The  Federal-aid  Highway  Act  of  1950  authorized  funds  for  the  survey,  con- 
struction, reconstruction,  and  maintenance  of  main  roads  through  unappropri- 
ated and  unreserved  public  lands,  nontaxable  Indian  lands,  and  other  Federal 
reservations.  These  funds  were  made  available  directly  to  the  Bureau.  Con- 
tracts were  awarded  for  43  miles  of  highway  to  cost  $750,000  and  construction 
was  begun. 

Access  roads  to  defense  establishments 

During  World  War  II  the  construction  of  1,252  bridges  and  12,914  miles  of 
access  roads  to  military  and  naval  reservations,  to  defense  industries,  and  to 
sources  of  raw  materials,  was  accomplished  with  the  assistance  of  many  of  the 
State  highway  departments.  The  Federal-aid  Highway  Act  of  1950  authorized 
$10  million  for  the  same  purposes.  It  required  that  improvements  undertaken 
be  certified  as  important  to  the  national  defense  by  the  Secretary  of  Defense  or 
such  other  oflicial  as  the  President  may  designate.  Eligible  roads  are  generally 
those  needed  to  serve  new  defense  traffic  of  temporary  duration  for  the  period 
of  the  emergency.  The  funds  are  applied  only  on  work  that  cannot  be  financed 
appropriately  by  regular  Federal-aid  and  other  funds. 

Contract  authority  for  $2  million  was  provided  in  the  act  and  is  included  in 
the  total  of  $7  million  that  has  been  appropriated  or  transferred  from  Defense 
Highway  Act  funds.  By  Ai)ril  1951  the  $7  million  thus  made  available  was 
allocated  to  certified  pro.iects  with  the  exception  of  a  small  sum  held  for 
coTitingencies. 

By  the  end  of  the  fiscal  year  there  were  24  projects  certified  by  the  Secretary 
of  Defense  or  by  the  Secretary  of  the  Interior,  who  has  been  designated  to  certify 
roads  to  sources  of  critical  and  strategic  minerals  and  metals.  These  24  projects 
were  estimated  to  cost  $13,790,740,  with  $13,334,544  to  be  financed  with  access- 
road  funds.  There  were  26  projects  estimated  to  cost  $5,152,743  being  con- 
sidered for  certification,  and  another  59  projects  under  investigation  by  field 
representatives  of  the  Bureau  after  receipt  of  a  request  for  assistance  from  an 
appropriate  oflicial.  Construction  of  access  roads  contemplated  will  require 
the  authorization  of  additional  funds. 

The  list  of  certified  projects  includes  roads  serving  two  Army  installations, 
three  of  the  Air  Force,  two  of  the  Navy,  and  one  of  the  Marine  Corps ;  two 
tungsten  mines,  one  cobalt  mine,  one  fluorspar  mine,  and  a  number  of  uranium 
mines  ;  and  three  Atomic  Energy  plants.  There  are  also  three  projects  providing 
for  rerouting  of  public  highways  being  closed  by  extension  of  airfield  runways. 

Construction  in  Alaska 

The  Turnagain  Arm  section  of  the  Seward-Anchorage  Highway  in  Alaska  is 
being  constructed  by  the  Bureau  under  an  agreement  with  the  Alaska  Road  Com- 
mission of  the  Department  of  Interior.  This  section  extends  47  miles  from 
mile  58  north  of  Seward  around  Turnagain  Bay  to  Indian,  and  is  of  defense 
significance. 

Construction  was  started  in  1948.  Contracts  were  awarded  in  the  amount  of 
$7,194,658  for  grading  and  drainage  structures  and  by  the  end  of  the  past  fiscal 
year  the  project  was  practically  completed. 
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Tlic  scclinii  (>{'  the  h'mliw.-iy  ridiii  ScwaiH  III  mile  ."iS  is  hciii'-:  i-uiisl  i-iicfd  |)y 
llic  I'.iirciiii  at  tilt'  rc(|U('sl  ol'  tlic  Ollirc  ol  'l'ciiiti)ii;il  :iml  Isljiml  I'osscssioiis, 
I'oilowiiiji'  !iii  ap|ii"'»l>i'iJil  ion  l<>  tlirin  ul'  $7..")  niillion  fin-  litis  iiiiiiinsc.  (^oiit  I'Ufts 
were  awarded  I'm  ^^radiii);  and  Itiidjirs  to  cost  .f<;,;{r)S,(H)(l.  'IMiis  sfction  is  planned 
for  eoniplelitiii  in  the  calendar  year  l'.>."il.  At  tlie  end  (»!'  tlie  fiscal  year  liie  work 
was  about  in  inTccnl  cuniiilclc. 

Legislation  enacted  near  llic  end  ul'  Ilic  ::sc,il  year  aiiprniuialcd  S."',..".  million 
ft»r  the  survey,  construct  ion,  reconstruction,  and  mainleiinnce  of  specilic  piojerts 
in  and  adjacent  to  the  Tonuass  National  l'"oresl. 

An  exleiisixe  program  oC  mad  impnn  emeiii  s  in  inleiinr  Alasl<a  is  hein-^'  per- 
formed by  the  I'.ureau  under  an  aj;reenienL  with  the  Alaska  lload  < 'oniinission. 
The  work  includes  surveys,  design,  and  ])rep:iial  ion  of  i)lans  for  t;i:'>  nules  of 
highway  and  supervision  of  reconstruction  and  bituminous  surfacing  of  301 
nules  of  the  Glenn,  Richardson,  and  Alaska  Highways.  \Voi-k  has  been  coin- 
lileted  on  212  miles  at  a  cost  of  ,$8,859,887.  At  the  end  of  ihe  year  const  ru<t  ion 
w  ;is  still  in  progress  on  '.Ml  miles  at  a  cost  of  $3,65,5,482.  The  work  was  15  percent 
complete. 

Indian  reservation  roads 

Legislation  of  1028  authorized  appropriations  for  the  improvemeni  of  Indian 
reservation  roads  not  eligible  under  other  Federal  highway  legislation.  Fur- 
ther legislation  in  r.»44  authorized  specific  appropriations  for  these  roads  and 
provided  that  the  location,  type,  and  design  of  roads  and  bridges  l)e  appro\-ed 
by  the  Bureau  and  that  eonstruetion  be  under  its  general  supervision. 

Because  of  the  relatively  small  appropriation,  the  number  and  extent  of  these 
projects  have  been  small,  there  being  only  a  few  under  construction  during  the 
past  year.  In  order  to  improve  the  economic  status  of  the  Indian,  these  projects 
have  usually  been  undertaken  on  a  day-labor  basis  using  Indian  labor  as  far  as 
possible.  Indian  Service  personnel  usually  perform  the  construction-engineer- 
ing work  with  the  Bureau  of  Public  Roads  reviewing  the  surveys  and  design, 
and  making  periodic  inspection  during  construction. 

The  Bureau  is  cooperating  with  the  Bureau  of  Indian  AlTairs  in  developing 
a  system  of  highways  for  each  Indian  reservation.  A  large  portion  of  the  sys- 
tem of  Indian  Service  roads  is  planned  to  serve  the  needs  of  the  reservation 
directly.  Others  serve  through  traliic  and  form  a  part  of  the  transportation 
system  of  the  State. 

Joint  Planning  of  Location  of  Highways  and  Airports 

The  results  tlowing  from  the  administration  of  section  11  of  the  Federal-aid 
Highway  Act  of  1944  continue  tti  demonstrate  the  value  of  this  legislation. 
The  joint  planning  of  highway  and  airport  facilities  by  representatives  of  the 
Bureau,  State  liighway  officials,  the  Civil  Aeronautics  Administration,  State 
aeronautic  commissions,  cities,  and  others  responsible  for  airport  and  highway 
improvements,  has  produced  results  beneficial  to  both  highway  and  air  trans- 
Itortation. 

In  carrying  out  the  requirements  of  the  legislation  "  *  *  *  that  the  lo- 
cation of  such  airport  or  extension  thereof  and  the  con.sequent  reconstruction 
or  relocation  of  the  highway  are  in  the  public  interest"  the  Bureau  during  the 
past  year  received  and  acted  on  more  than  UMi  ,ip|ilications  from  airport  otlicials 
requesting  concurrence  as  provided  in  the  ait.  Such  joint  plaiuiing  prevents 
costly  mistakes  w^hich  otherwise  would  not  become  apparent  until  later  when 
funds  would  have  to  be  spent  for  their  correction. 
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Flight  Strips 

After  the  ending  of  World  War  II,  the  26  flight  strips  built  by  the  Bureau  for 
the  Army  Air  Force,  under  authority  of  the  Defense  Highway  Act  of  1941,  were 
declared  surplus  to  the  needs  of  the  War  Department. 

In  compliance  with  requests  from  the  several  military  departments,  five  flight 
strips  have  been  reassigned  to  the  Air  Force,  one  to  the  Army,  and  two  to  the 
Navy.    Additional  requests  are  anticipated. 

Seven  flight  strips  are  under  assignment  to  States  or  subdivisions  of  States 
by  lease  or  permit,  for  civil  aviation  purposes,  subject  to  cancellation  whenever 
they  may  be  needed  for  military  purposes. 

Repair  of  War-Damaged  Highways 

The  repair  of  war-damaged  roads,  as  authorized  by  the  Defense  Highway 
Act  of  1941,  was  in  its  last  stage  at  the  beginning  of  the  year.  At  the  close  of 
the  year  293  claims  for  the  repair  of  6,254  miles  of  roads,  in  the  amount  of 
$10,664,798,  had  been  received  and  recommended  for  payment. 

Funds  have  been  appropriated  for  payment  of  292  of  these  claims  for  6,253 
miles  of  road  in  the  amount  of  $10,618,275.  During  the  year  35  claims  for  the 
repair  of  475  miles  of  road  in  the  amount  of  $1,207,720  were  paid.  Three  claims 
were  pending  at  the  end  of  the  year.  Disposal  of  these  claims  will  complete 
the  activity  resulting  from  World  War  II. 

Repair  of  Flood-Damaged  Roads 

For  many  years  it  has  been  the  policy  of  the  Federal  Government  to  extend 
aid  to  the  States  for  the  repair  or  reconstruction  of  highways  and  bridges  dam- 
aged or  destroyed  by  floods  and  other  disasters  of  extraordinary  character  and 
extent.  In  recent  years  such  aid  has  been  available  under  authorizations  per- 
mitting the  use  of  available  emergency  relief  funds  without  waiting  for  legis- 
lative action  following  each  disaster.  The  Federal-aid  Highway  Act  of  1950 
authorized  an  additional  $5  million  for  this  purpose  and  limited  its  use  to  routes 
on  the  Federal-aid  highway  systems. 

At  the  beginning  of  the  fiscal  year  the  emergency  relief  work  previously  author- 
ized had  been  very  largely  completed. 

Allocations  of  emergency  relief  funds  totaling  $3,719,638  were  made  during 
the  fiscal  year  to  six  States  and  to  Hawaii,  to  assist  in  rehabilitation  work  esti- 
mated to  cost  $7%  million.  Of  the  total  amount  of  emergency  relief  funds  allo- 
cated, $2,719,638  was  for  the  repair  of  fiood  damage  which  occurred  during  1949 
and  1950  in  five  States,  and  for  the  construction  on  relocation  of  three  sections 
of  highway  on  the  west  coast  of  Hawaii  which  were  destroyed  by  lava  flows 
from  30  to  90  feet  deep  resulting  from  the  1950  eruptions  of  Mauna  Loa  Volcano. 
The  remaining  $1  million  was  allocated  to  California  for  flood  damage  occurring 
during  November  and  December  of  1950.  Minnesota,  South  Dakota,  and  North 
Dakota  received  a  large  portion  of  the  emergency  relief  funds  allocated,  for  use 
on  work  necessitated  by  floods  during  the  spring  months  of  1950. 

Shortly  after  the  end  of  the  flscal  year,  disastrous  floods  occurred  in  Kansas 
and  Missouri.  These  States  have  notified  the  Bureau  of  their  intention  to  re- 
quest allocations  of  emergency  relief  funds,  and  steps  were  taken  to  cooperate 
on  rehabilitation  work. 

Hawaii  War  and  Emergency  Damage  Program 

A  Federal  fund  of  $10  million  was  authorized  in  1947  for  rehabilitation  or 
repair  of  roads  and  bridges  in  Hawaii  damaged  by  the  armed  services  or  by 
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their  coiitrMrtors,  ;iti(I  foi-  llic  ri'slnr.-it  ion  or  i-ccniisl  nid  ion  of  lii;;li\v;iys  iiud 
lii-i(I};«'s  (liiiuiifjcd  or  (lest  r<).v<'(l  by  scisiiii<-  wmvcs  in  Ajtril  liUd. 

'J'lif  Territory  wiis  required  t<>  iiiiilch  Federal  funds  to  tiie  exlenl  rc<|uiie(|  by 
the  Coniinissiouer  of  Public  Koads.  On  worlv  resultin>;  froui  damage  caused  by 
the  seismic  wave  the  Territory  lias  iieen  i-e(|uired  to  iiiaUe«a  conti-ibuti(jn  equal 
to  that  of  the  Federal  Govern ment. 

By  the  end  of  the  fiscal  year,  programs  bad  been  appioved  tor  war-daniaK«'d 
highways  costinc;  $;5,4L'( >,">;'>:'>  in  Federal  funds  and  lor  seisnnc-wave-dania«ed 
liighways  costing  $(>, 11. '?,.")!».''>  in  Federal  funds.  The  totnl  cost  ol  ibe  work,  in- 
cluding niatcbing  funds,  was  $l(»,17!t,!tT2,  providing  for  Ibe  lebaliiiilalion  or 
repair  of  271  nules  of  i-oad\vay  .'nid  iiridges. 

The  I  titer- American  Hif*hwny 

The  Inter-American  Higliway  is  that  section  of  the  I'an  American  Highway 
System  which  extends  from  Nuevo  Laredo  on  our  Mexican  border  to  I'anania 
City,  a  distance  of  approximately  3,200  miles. 

Since  1!)30  the  United  States,  through  the  I'ureau  of  I'ublic  Koads,  has  been 
assisting  the  Republics  of  Guatemala.  El  Salvador,  Honduras,  Nicaragua,  Costa 
Kica,  and  I'anama  in  the  construction  of  the  Inter-American  Higliway.  The 
section  of  the  highway  in  I\Iexico  has  been  financed  and  constructed  entirely 
by  Mexico. 

The  Inter- American  Highway  is  not  passable  for  motor  veliicles  over  its 
entire  length.  In  I\Iexico  it  is  open  and  in  excellent  condition  over  all  of  the 
distance  from  the  United  States  to  Guatemala,  but  in  northwestern  Guatemala, 
beginning  at  the  Mexican  border,  there  is  a  gap  of  25  miles  which  is  impassable. 
In  northern  Costa  Rica  there  is  also  a  gap  of  about  65  miles,  and  in  southern 
Costa  Rica  and  western  Panama  tliere  is  another  gap  of  about  150  miles,  both 
of  which  are  impassable.  Among  those  sections  which  are  considered  passable 
there  are  many  that  still  need  improvement  because  of  inadequate  surfaces, 
sharp  turns,  steep  grades,  and  narrow  roadways.  However,  there  are  also  many 
miles  of  excellent  modern  highway.  At  present,  63  percent  of  the  highway 
is  paved,  another  29  percent  is  passable  at  all  times,  1  percent  is  passable  only 
in  dry  weatlier,  and  7  percent  is  impassable  at  all  times. 

All  of  the  Mexican  section  of  the  Inter-American  Highway  is  paved  except 
for  about  100  miles  near  the  Guatemala  border.  This  latter  stretch  has  a  good 
crushed-stone  surface,  usable  at  all  times. 

During  the  year  Congress  appropriated  the  sum  of  $4  million  for  the  con- 
tinuation of  construction  of  the  Inter-American  Highway  in  cooperation  with 
the  Central  American  republics.  Funds  from  previovis  appropriations  have 
been  practically  exhausted.  Under  the  terms  of  the  new  appropriation  act 
it  was  necessary  that  new  agreements  with  tliese  countries  be  negotiated  by 
the  State  Department,  each  country  agreeing  to  the  following  conditions : 

1.  To  provide  all  necessary  right-of-way  for  the  construction  of  the  highway. 
(The  minimum  right-of-way  width  to  be  approximately  300  feet  in  rural  areas 
and  150  feet  in  municipalities.) 

2.  Not  to  impose  any  highway  toll  for  use  of  the  highway  by  vehicles  or  persons. 

3.  Not  to  levy  any  fee,  tax.  or  other  charge  for  the  use  of  the  highway  by 
vehicles  or  persons  froni  the  Unitetl  States  that  does  not  apply  equally  to 
vehicles  or  persons  of  that  country. 

4.  To  continue  to  grant  reciprocal  recognition  of  vehicle  registration  and 
drivers'  licenses  in  accordance  wuth  the  provisions  of  the  Convention  for  the 
Regulation  of  Inter-American  Automotive  Traffic  or  of  any  other  treaty  or 
convention  establishing  similar  reciprocal  I'ecognition. 
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5.  To  provide  for  the  mainteuauce  of  the  highway  after  its  completion  in 
condition  to  serve  adequately  the  needs  of  present  and  future  traffic. 

Such  agreements  have  been  negotiated  with  El  Salvador,  Nicaragua,  Costa 
Rica,  and  Panama.  Project  statements  and  memoranda  defining  the  conditions 
under  which  the  new  work  will  be  done  have  been  executed  with  Nicaragua, 
Costa  Rica,  and  Panama,  and  funds  have  been  allotted  for  specific  improvement 
in  these  three  countries,  with  construction  scheduled  to  start  at  the  beginning  of 
the  dry  season  in  the  fall  of  1951. 

In  all  countries  the  rate  of  progress  during  the  fiscal  year  has  been  slow  due  to 
the  exhaustion  of  funds  previously  provided  for  construction. 

In  Guatemala,  work  proceeded  near  the  Mexican  border  where  the  route  is 
still  impassable.  Near  the  El  Salvador  border  two  bridges  were  completed 
and  a  12-mile  section  is  nearing  completion. 

In  El  Salvador  and  Honduras  no  w'ork  other  than  maintenance  was  done. 
The  highway  in  El  Salvador  is  paved  except  for  25  miles  which  are  in  good 
condition  for  all-weather  travel. 

In  Nicaragua  the  28-mile  section  between  Jinotepe  and  Rivas  was  completed. 
Bridge  surveys  and  preliminary  work  were  started  between  Sebaco  and  the 
Honduras  border. 

The  only  construction  work  in  Costa  Rica  was  that  needed  to  protect  the 
existing  improvements  from  deterioration.  Plans  are  under  way  for  the  con- 
struction of  portions  of  the  highw-ay  in  the  northern  section. 

In  Panama  plans  have  been  submitted  and  an  organization  is  being  set  up 
to  start  construction  of  a  section  of  the  highway  starting  at  David  and 
proceeding  south. 

Projects  other  than  the  Inter-Aiiierican  Highway 

The  Bureau  of  Public  Roads  has  continued  its  technical  assistance  to  the  • 
Government  of  El   Salvador  in  the  construction  of  a  bridge  over  the  Lempa 
River  at  San  Marcos  (not  on  the  Inter- American  Highway). 

At  the  request  of  the  Costa  Rican  Government,  a  superintendent  of  con- 
struction has  been  sent  to  that  country  to  assist  in  the  organization  of  a  mainte- 
nance department,  and  in  the  improvement  of  maintenance  methods. 

An  engineer  was  also  sent  to  Honduras  at  the  request  of  that  Government 
to  assist  in  the  planning  of  a  national  system  of  highways. 

The  Bureau  has  been  providing  technical  advice  and  assistance  to  the  Gov- 
ernment of  Ecuador  in  the  construction  of  a  portion  of  the  highway  which 
eventually  will  connect  Quito,  the  capital,  with  the  new  port  of  Manta.  One 
engineer  has  been  assigned  to  this  project. 

The  Bureau  has  continued  its  assistance  to  the  Government  of  Peru  in  pre- 
paring a  plan  for  the  reorganization  of  their  highway  department  and  in  studies 
to  aid  them  in  the  development  of  an  Improved  highway  system.  Three  en- 
gineers were  assigned  to  this  work  at  the  start  of  the  fiscal  year,  and  at  the  end 
of  the  year  one  still  remained  on  the  assignment. 

During  the  year,  the  Government  of  Colombia  asked  the  Bureau  for  the 
services  of  a  highway  economist  to  assist  them  in  the  application  of  economic 
studies  in  the  planning  of  a  national  highway  system.  One  man  was  assigned 
to  the  work.  The  highway  engineer  who  was  sent  to  the  State  of  Cundinamarca 
in  Colombia  the  previous  year,  to  assist  in  the  planning  and  construction  of  a 
State  system  of  highways,  completed  his  assignment. 

Rehahilitation  of  Philippine  Highways 

Under  the  Philippine  Rehabilitation  Act  of  1946,  $40,040,000  was  authorized 
for  the  repair  and  reconstruction  of  roads,  streets,  and  bridges  in  the  Philip- 

26 


pines  ill  cnoiicr.-il  inn   uilli   Die   I 'hilippi  iic  <  ;<i\  fiiiiiiciil .      'i'lif   pr(i;4i:iiM    Wiis  orini- 

Illlii.V  Scllfdlllfd  In  riul  .llllic  ."in,  r.Cid,  hill  till'  si/.i'  ;illi|  iniiipicxily  nf  tilc  j(.l>  ill 
llic  rncr  of  liir  W  .-I  r  r;l\  ••IJAcil  (•(HKJiliuli  nf  liir  I  Ml  i  I  i  ppi  lies  iii;i(le  il  lieccss;!  fV  to 
t'Xlciid  the  lilV  hI'  IIic  pliit;l;iiii  lliioii-li  .lillii'   I'.I.M. 

'I'lic  pro.nr.-iiii,  .'IS  il   ljii;ill\ cryslalii/.t'd,  included   1  lie   rdllnwinu: 

1.  Itcpnir  or  e(iiiiplele  reeniisl  Miel  ion  of  L'li.")  niiijoi-  ln-id;;es.  So  Lirenl  \\;is  I  lie 
d;imu.n«'  sunVred  i>\  lirid^es  during  I  he  \\;ir  Ih.il  iheir  reionsl  niei  ion  u.is  .-i 
pi'iiiH'  csscnt  ill!  to  I  lie  eeoiKiinie  reeo\  ery  ii\'  I  lie  isl;i  lids.  (  'oust  Mie|  idii  of  Severn  I 
l:irnc  new  bridjics,  iieeessni'y  tor  I  he  eeoiioinie  de\ clnpnienl  of  I  he  l'liili|ipiiies, 
:ilsi»  was  iiichuled  in  tlie  pro^riini. 

'2.  Procurenu'iil  hy  I  he  I'.iire.-iu  of  I'nlilie  Ro;ids  of  ".'.(KMi  meiiie  Ions  of 
reinforcing;  steel  and  certain  items  of  e(iiiipiiieiit  to  lie  used  in  i  he  reeonsl  nict  ion 
of  12M!>  minor  hrid^jes,  the  actual  construction  lieinj;  carried  oni  wiih  I'liiliiipine 
funds.  By  this  means  the  IJureau  was  aide  to  stimulate  reeonsl  ruelion  and 
initiative  hy  the  l'liili|iiiine  lUireau  of  I'uhlic  Works  far  hey<iiid  the  immediate 
rehahilitat  ion  iiiosirani. 

8.  Construction  (d"  248  miles  of  asphalt  surfacing,  78  miles  of  concrete,  and 
88  miles  of  improved  gravel-surfaced  roads  and  city  streets.  Laclv  of  iiiain- 
tenaiice  during  the  war  and  lieavy  postwar  traffic  had  made  many  of  these 
I'oads  and  streets  dangerous  and  in  some  cases  almost  impassahle. 

4.  Procurement  hy  the  Jiureau  of  some  .$!)00.(]0(>  worth  of  construction  eijui])- 
meut.  This  equipment  has  heen  turned  over  to  tlie  Philippine  Bureau  of  Public 
Works.  Purchased  primarily  to  hasten  the  completion  of  rehabilitation  proj- 
ects, the  equipment  will  be  useful  in  subsequent  construction  by  the  Philippine 
Government.  Rehabilitation  funds  were  used  in  the  construction  of  a  180-  by 
40-foot  warehouse  for  housing  eiiuipment  and  spare  parts. 

5.  A  year's  .specialized  training  in  highway  work  of  10  Filipino  engineers 
in  the  United  States,  under  the  auspices  of  the  Bureau  of  I'uhlic  Roads.  The 
men  so  trained  occupy  responsible  positions  in  the  Philippine  Government. 

6.  Completion  of  highway  planning  surveys,  including  a  complete  inventory 
of  all  highway  facilities  throughout  the  islands,  detailed  traffic  studies  in  most 
imi)ortant  cities,  financial  studies  revealing  for  the  first  time  the  resources  of 
and  expenditures  on  the  Philippine  highway  system,  and  the  formulation  of 
long-i'ange  plans  for  the  future  development  of  highways. 

7.  Establishment  of  a  materials  department  and  lalioratory  within  the  Bureau 
of  Public  Works  for  the  testing  of  highway  materials. 

The  Bureau  continued  its  education  program  in  the  Philippines  during  the 
fiscal  year.  A  157-page  bridge  construction  manual  and  a  series  of  standard 
bridge  designs  were  prepared  and  distrilmted.  Filipino  engineers  employed  hy 
the  Bureau  as  designers  and  inspectors  have  continued  to  receive  practical 
on-the-job  training  in  highway  and  bridge  engineering.  The  Bureau's  division 
engineer  and  his  assistants  gave  a  lecture  coui-se  on  highway  engineering  at 
the  University  of  the  Philippines. 

At  the  beginning  of  the  fiscal  year.  17!)  projects  were  under  construction  or 
not  yet  begun.  By  the  end  of  the  year,  112  of  these  projects  were  completed. 
Thirty-four  others  were  more  than  70  percent  complete. 

Two  major  jobs  completed  during  the  year  were  the  General  MacArthur 
Bridge  and  the  Ayala  P.ridge.  both  of  which  span  the  Pasig  River  in  downtown 
Manila.  Each  of  these  bridges  carries  between  20,(ti)(^  and  Hii.upd  vehicles  per 
day. 

Four  street-paving  projects  in  Cebu  City,  second  largest  port  in  the  islands, 
were  completed.  City  streets  in  Cebu  were  heavily  damaged  durinu  the  war 
and  their  resurfacing  has  greatly  eased  the  traffic  problem,  particularly  on  the 
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approaches  to  the  dock  area.  Rock  asphalt,  a  native  road-surfacing  material 
mined  in  Leyte,  was  used  in  much  of  the  construction. 

Progress  on  the  rehabilitation  program  has  been  excellent  in  view  of  the 
many  unforeseen  difficulties  which  have  arisen  since  the  work  was  started  in 
1946.  Active  guerrilla  warfare  between  the  Huks  and  Government  troops 
has  made  it  difficult  for  contractors  to  operate  efficiently  in  many  areas.  The 
situation  has  improved  considerably  in  the  last  few  months,  however,  due  to  a 
more  aggressive  campaign  by  the  Philippine  Army. 

Shortages  of  badly  needed  spare  parts,  particularly  tires,  have  kept  much- 
needed  equipment  out  of  commission.  Still  another  cause  of  delay  has  been  the 
shortage  of  i>ortland  cement.  The  shortage  is  due  primarily  to  the  increased 
demand  for  cement,  particularly  by  the  United  States  agencies  in  the  develop- 
ment of  military  bases,  and  to  the  lack  of  shipping  space.  Arrangements  are 
being  made  by  the  Philippine  Government  to  purchase  additional  cement  from 
Japan  to  ease  the  shortage  and  it  has  been  agreed  that  rehabilitation  projects 
will  receive  priority. 

With  all  funds  obligated  and  under  agreement  by  the  end  of  the  fiscal  year, 
the  remainder  of  the  work  of  the  Bureau's  Philippine  division  will  be  the 
liquidation  of  projects.  Both  American  and  Filipino  personnel  employed  by 
the  division  were  reduced  appreciably  during  the  last  few  months.  Only  16 
Americans  remained  at  the  close  of  the  year. 

In  addition  to  the  rehabilitation  work,  the  Bureau  has  accepted  responsibility 
for  a  Philippine  highway  development  program  under  the  auspices  of  the  Eco- 
nomic Cooperation  Administration,  which  has  already  set  aside  $3  million  for 
the  development  of  roads  in  backward  areas. 

Aid  to  Turkey  in  Highway  Improvement 

Bureau  activities  in  Turkey,  begun  in  December  1947  at  the  request  of  the 
Turkish  Government,  are  administered  through  a  division  office  in  Ankara. 
The  character  of  the  joint  efforts  of  the  Bureau  and  the  Turkish  Directorate 
of  Highways  has  gradually  changed  as  requirements  of  the  program  have  shifted 
from  organizational  and  personnel-training  activities  to  those  associated  with 
normal  operating  procedures  of  a  highway  department  patterned  after  the 
best  practices  in  the  United  States. 

The  Turkish  program,  with  Bureau  advice  and  counsel,  came  into  being  under 
formal  agreements  executed  by  the  United  States  and  the  Turkish  Governments 
in  1947  and  1948.  Funds  for  supplying  equipment  and  technical  assistance  have 
been  provided,  first  by  allocation  of  $;")  million  imder  Public  Law  No.  75,  Eightieth 
Congress,  and  later  by  Economic  Cooperation  Administration  loans  totaling  $18.5 
million  of  which  $4.5  million  were  authorized  during  the  fiscal  year.  Funds 
for  operation  of  the  equipment  and  for  other  highway  activities  are  being  pro- 
vided each  year  by  the  Turkish  Government.  Such  expenditures  during  the 
Turkish  fiscal  year,  ending  March  1,  were  equivalent  to  $22.2  million.  Delivery 
in  Turkey  of  highway  equipment  and  tools  now  amounts  to  15,400  tons  valued 
at  $12.5  million. 

Personnel  training,  an  essential  activity  at  the  beginning  of  the  program,  re- 
mains undiminished  in  importance.  However,  with  the  arrival  of  construction 
machinery  in  substantial  quantities,  i^rsonnel  training  now  shares  attention 
with  such  operational  activities  as  the  survey,  design,  construction,  and  mainte- 
nance of  highways  and  the  establishment  and  management  of  equipment  repair 
shops.  Methods  of  personnel  training  have  changed,  principally  by  substitution 
of  on-the-job  methods  for  theoretical  classroom  instruction.  The  total  number 
of  individuals  trained  in  formal  courses  now  amounts  to  1,736  persons,  of  whom 
386  received  training  during  the  year. 


The  organization  and  management  of  highway  survey  and  design  activities 
have  been  improved  as  tlie  Turkish  engineers  engaged  in  these  fields  have  gained 
further  experience  in  Ww  application  of  modern  methods.  An  average  of  HI 
location  survey  parties  were  in  the  field  (hiring  the  year,  with  work  concentrated 
in  southern  areas  during  winter  months.  C'omplet<'d  highway  location  surveys 
on  the  15,200-mile  national  system  amount  to  l,r)42  miles,  with  design  and 
plans  completed  for  574  miles  of  highway. 

Noteworthy  strides  have  been  made  in  equipping  and  tiaining  the  construction 
and  maintenance  forces  of  the  Turkish  Directorate  of  Iligliways.  At  the  close 
of  the  year  9,7r)0  miles  of  the  Turkish  national  highway  system  were  under 
machine  maintenance.  The  3,770-mile  remainder  of  that  system  was  being  main- 
tained by  traditional  hand-labor  methods.  Construction  forces  of  the  Directorate 
improved  530  miles  of  highway  by  grading  as  needed  and  by  gravel  surfacing, 
and  laid  ISO  miles  of  asphalt  surface  during  the  year.  At  the  close  of  the  year 
construction  was  in  progress  on  610  miles  of  gravel-surfaced  roads,  and  340  miles 
of  asphalt  roads  were  partially  completed. 

Progress  has  been  made  in  the  attempt  to  establish  a  highway  contracting 
industry  and  obtain  the  advantages  of  competitive  bidding  and  efficient  manage- 
ment characteristic  of  the  system.  During  the  year  109  miles  of  highway  were 
constructed  by  contract,  at  a  cost  of  $1.34  million.  Contracts  were  in  force 
at  the  close  of  the  year  for  construction  of  166  miles  of  highway  to  cost  $4.28 
million. 

Construction  of  bridges  by  machine  methods  has  been  encouraged  in  order  to 
attain  a  construction  rate  such  that  the  bridge  program  will  move  forward  as 
rapidly  as  the  highway  program.  This  objective  has  not  yet  been  attained,  but 
progress  was  made.  During  the  year  the  bridges  completed  by  modern  methods 
aggregated  0.7  mile  in  length,  but  a  greater  length  of  bridges  was  built  by  hand 
methods. 

Notable  strides  were  made  in  expanding  facilities  and  improving  operating 
techniques  in  equipment-repair  shops.  There  are  now  10  major  shops,  one  at 
each  highway  division  headquarters.  These  division  shops  are  equipped  to 
perform  all  classes  of  equipment  repairs.  At  strategic  locations  within  each 
highway  division,  there  are  smaller  shops  well  tooled  and  equipped  to  perform 
the  most  frequently  needed  repair  jobs. 

Basic  information  needed  to  guide  the  Directorate  of  Highways  in  its  work 
is  being  collected  and  analyzed.  Procedures  are  much  the  same  as  those  used 
in  the  United  States  in  the  highway  planning  surveys  that  are  now  routine 
functions  of  the  State  highway  departments.  Progress  is  being  made  in  the  use 
of  factual  data  in  developing  long-  and  short-range  construction  programs. 

After  3  years  of  technical  assistance  to  the  Turkish  Directorate  of  Highways, 
more  pronounced  evidences  of  benefit  begin  to  appear.  With  increasing  freedom 
to  travel  in  comfort  and  with  some  assurance  of  arrival  at  destinations,  vehicles 
are  becoming  more  numerous  on  the  highways.  A  portion  of  the  travel  is 
recreational  in  character.  There  is  a  public  demand  for  facilities  such 
as  hotels  and  restaurants.  Encouragement  of  a  tourist  industry  by  government 
agencies  has  now  reached  an  active  stage. 

Remarkable  reductions  have  been  made  in  travel  time  and  in  bus  and  freight 
rates  to  important  points  on  the  five  main  roads  radiating  out  of  Ankara. 
Between  Ankara  and  Istanbul,  travel  time  has  decreased  from  IS  hours  in  1949 
to  14  hours  in  1951,  while  freight  and  passenger  rates  have  been  reduced  62 
percent  and  33  percent  respectively.  Travel  time  from  Ankara  to  Kayseri  has 
been  shortened  from  11  to  9  hours,  with  declines  of  33  and  30  percent  in  freight 
and  bus  rates.  Travel  between  Ankara  and  Zonguldak  has  been  shortened  from 
14  to  9  hours  with  40  percent  savings  in  freight  rates  and  66  percent  in  passenger 
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rates.    The  figures  quoted  are  indicative  of  nation-wide  benefits  now  realized  as 
a  result  of  the  highway  program. 

The  benefits  are  not  confined  to  motor  transport.  A  peasant  donkey  driver 
expressed  gratitude  for  highway  improvement,  saying  that  in  the  days  of  rough 
and  muddy  roads  his  doukey  carried  only  44  pounds  but  could  now  carry  a 
66-pound  load. 

Other  Foreign  Activities 

Ethiopia 

In  August  1950  the  International  Bank  for  Reconstruction  and  Development 
requested  the  Bureau  to  assist  in  administering  a  projected  $5  million  loan  to 
the  Empire  of  Ethiopia  for  rehabilitation  and  development  of  that  country's 
highways.  In  response  thereto  a  preliminary  advisory  mission  was  dispatched 
in  October  1950,  using  funds  transferred  to  the  Bureau  from  the  International 
Bank.  The  mission's  report,  submitted  in  January  1951,  became  the  basis  for 
approval  of  the  loan  and  the  estal)lishment  of  the  program  of  work  to  be 
undertaken. 

Agreements  between  the  Department  of  State,  Ethiopia,  the  International 
Bank,  and  the  Bureau  resulted  in  creating  a  3-year  advisory  mission  of  Bureau 
technical  personnel  to  supervise  equipping,  training,  and  organizing  an  Ethiopian 
Imperial  Highway  Authority  and  directing  it  in  the  work  of  restoring  the 
Ethiopian  highway  system.  This  system,  largely  initiated  by  the  Italians,  had 
fallen  into  serious  disrepair  for  lack  of  maintenance  during  the  last  several  years. 

At  the  close  of  the  fiscal  year  a  40-man  staff  had  been  organized,  and  26  em- 
ployees were  already  in  or  enroute  to  Ethiopia ;  $2  million  of  needed  equipment 
had  been  ordered  and  about  half  of  it  delivered ;  and  a  program  of  road  improve- 
ment was  actively  in  progress. 

Liberia 

The  United  States  has  been  cooperating  with  Liberia  in  developing  a  broad 
program  of  improvements  for  that  country.  Prominently  included  in  the  scheme 
is  the  development  of  a  planned  system  of  highways  and  improvement  of  the 
small  existing  mileage.  The  program  is  to  be  administered  under  the  provisions 
of  the  Point  Four  act. 

A  preliminary  investigation  to  develop  the  highway  portion  of  this  program 
was  under  way  at  the  end  of  the  year,  with  one  Bureau  engineer  already  in 
Liberia.  It  is  planned  to  establish  a  mission  from  the  Bureau  during  the  coming 
fiscal  year,  to  supervise  a  $5  million  road  program  financed  with  Liberian  funds 
and  an  Export-Import  Bank  loan. 

Iran 

During  January  and  February  of  1951  a  three-man  mission  of  Bureau  engineers 
investigated  conditions  in  Iran  and  recommended  an  organization  and  plan  of 
work  for  a  projected  highway  program.  This  investigation  was  made  in  response 
to  a  Department  of  State  request  in  connection  with  a  proposed  Export-Import 
Bank  loan  to  that  country.  There  has  been  no  activity  on  this  project  since 
submission  of  the  report. 

Point  Four  program 

Assistance  programs  in  various  phases  of  highway  development  were  actively 
being  developed,  under  authority  of  the  Point  Four  program,  in  India,  Iraq, 
I'akistan,  and  Israel,  and  programs  were  being  discussed  by  the  United  States 
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and  otlici'  iiilcrcslcd  coiiiitrit's.  A  r.iiiT;ni  ciifiiiiccr  iiiid  hi't-n  ;issi;:iic(l  Id  lln; 
Israt'l  pi'onraiii  U>y  pi-cliiuiiiai-y  orKanizal  imial  i)iii-|)<)scs  al  the  dose  (jf  the  li.scal 
year.  None  of  llic  oilier  iti-o;;faiiis  li.nl  progressed  lo  llie  \Hn\ii  (jf  assiu'iiiiij^ 
jiersonnel. 

Tlie  Point  F(»iir  jirojjraiii  in  general  was  developinu  i-;ii  her  sl<i\\  ly  heciiiise  of  I  ln' 
eoiiiiilexities  of  ai'riving  at  aureeineiils  as  li>  the  lyjic  of  liiL:li\\;iy  assist. •(  me  tii;il 
was  needed  and  ('(Hild  be  elliciently  rendered,  and  hecanse  of  tlie  time  reijuired  for 
processing?  of  eniiiioyees  for  tliese  assij;niuenls  dne  to  <;ertain  legal  recjuii'enients 
contained  in  the  Iiasic  ad  itself. 

Foreign  Visitors 

During  the  year  llie  Huri'an  assisted  well  over  UdO  engineers  and  oilier  highway 
otlicials  of  more  than  40  countries  in  studies  of  American  highway  jiradice. 
Many  of  the  visitors  reniained  for  only  a  few  hours,  but  others  attended  the  ]!)50 
and  liini  highway  engineering  courses,  or  were  here  for  a  lull  year  of  on-1  lie-job 
training  with  various  State  Iiighway  departments. 

The  previous  report  described  the  1950  course,  which  was  completed  during  this 
fiscal  year.  The  1951  course,  which  opened  on  May  21  and  ends  on  September  7, 
follows  the  same  general  pattern.  Forty-nine  delegates  from  26  countries  are 
participating  this  year. 

The  Bure;iu  has  cooperated  with  various  State  highway  depaitments  and  the 
Economic  Cooperation  Administration  in  providing  a  year  of  practical  training  in 
several  specialized  pliases  of  highway  activity  for  24  engineers  from  Turkey. 
The  year  also  marked  the  beginning  of  the  Bureau's  formal  participation  in  the 
Point  Four  program.  Five  engineers  started  training  under  the  auspices  of  this 
program  during  the  year,  and  awards  were  granted  to  a  number  of  others  who 
will  start  training  during  the  next  fiscal  year. 

The  President's  Highway  Safety  Conference 

Personnel  of  the  Bureau  continue  to  assist  in  the  work  of  the  President's  High- 
way Safety  Conference  under  the  direction  of  the  Commissioner  of  Public  Roads, 
who  serves  as  chairman  of  the  conference  coordinating  committee  and  of  the 
conmiittee  on  conference  reports. 

The  fourth  major  national  meeting  of  the  conference  since  its  organization  in 
1946  was  held  in  Washington  near  the  close  of  the  fiscal  year.  The  governors  of 
the  States  sent  official  delegates,  and  hundreds  of  city  and  local  officials  also 
participated. 

The  1951  session  emphasized  the  how  of  applying  the  action  program  for  ti'affic 
safety,  which  was  originally  developed  in  1946  and  revised  in  1949,  and  reviewed 
the  annual  conference  inventory  of  advances  and  weaknesses  in  highway  safety. 
Tlie  inventory  indicated  that  the  seriousness  of  the  traffic  safety  problem  has  been 
increasing  as  unprecedented  numbers  of  vehicles  have  been  registered  for  use  ^m 
the  highways  and  as  the  volume  of  traffic  has  mounted  since  the  close  of  World 
War  II.  The  total  of  35,000  people  killed  in  trafiic  in  1950  has  not  been  equaled 
since  1941.  Yet,  with  preventive  activity  inider  the  action  progi-am  of  the 
conference,  the  rate  of  fatalities  has  declined  from  an  average  of  12  deaths  per 
100  million  vehicle-miles  of  travel  in  the  decade  1936-45  to  7.5  in  1950. 

In  connection  with  conference  activities,  the  President  has  said  that  the 
"  *  *  *  need  for  a  strong  America  [makes  traffic  safety]  doubly  urgent 
*  *  .  The  defense  effort  depends  upon  the  efficient  movement  of  goods  and 
people  over  public  highways  and  roadways." 
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Roadside  Development 

During  the  year  the  Bureau  assisted  highway  departments  and  universities  in 
conducting  short  courses  on  roadside  development  in  a  number  of  States.  Re- 
gional conferences  between  members  of  State  liighway  departments  and  the 
Bureau  staff  were  a  feature  of  these  sessions. 

Bureau  representatives  on  committees  on  roadside  development  of  the  Highway 
Research  Board  and  of  the  American  Association  of  State  Highway  Officials 
assisted  in  preparing  and  publishing  reports  on  roadside  grading  and  cross-section 
design  and  on  the  design  of  parking  turn-outs  and  rest  areas.  These  reports  de- 
scribe the  latest  types  of  roadside  improvement  in  use  by  State  highway  depart- 
ments in  all  parts  of  the  country.  Plant  material  lists  for  roadside  planting  a.nd 
erosion  control  work  in  each  administrative  division  of  the  Bureau  were  assembled 
for  use  by  the  States. 

Highway  Transport  Research 

Research  on  many  phases  of  highway  transport  is  conducted  by  the  head- 
quarters organization  of  the  Bureau  and  also  in  cooperation  with  the  States  as 
Federal-aid  projects.  A  large  portion  of  the  work  at  headquarters  is  based  on 
data  supplied  by  the  States. 

Road  inventory  and  mapping 

Basic  elements  in  measuring  highway  needs  and  in  planning  highways  are 
accurate  highway  transportation  maps  and  statistics  on  the  extent,  surface 
types,  and  widths  of  roads  and  streets.  During  the  past  year  36  States  and 
Puerto  Rico  continued  revision  of  their  inventory  of  rural  roads,  bridges,  and 
roadside  features.  Work  was  completed  in  three  States  and  in  Puerto  Rico, 
making  a  total  of  seven  States  in  which  inventory  statistics  have  been  revised 
since  the  end  of  the  war.  The  complementary  work  of  revising  maps  to  show  cur- 
rent conditions  resulted  in  complete  redrafting  or  revision  of  maps  for  278  coun- 
ties in  31  States.  Revisions  of  five  State  maps  were  also  completed.  In  addi- 
tion to  the  usual  features  covered  in  an  inventory  of  all  rural  roads,  surveys  of 
critical  sight  distances  on  the  principal  rural  roads  were  in  process  or  com- 
pleted in  eight  States.  The  inventory  of  city  streets  continued  throughout  the 
year  in  a  number  of  States,  resulting  in  more  accurate  urban  mileage  statistics 
and  better  maps  of  cities  and  smaller  incorporated  places.  Maps  for  1,085  cities 
have  now  been  made  as  a  part  of  this  activity. 

Tourist  studies 

Highway  transportation  is  of  ever-increasing  importance  in  our  economy  and 
social  life,  but  efforts  to  evaluate  this  importance  on  some  economic  basis  have 
invariably  failed  to  give  an  acceptable  measure  of  the  full  value  of  highway 
transportation  because  it  cannot  be  entirely  gaged  in  tangible  units.  Never- 
theless, we  should  do  our  best  to  appraise  all  benefits,  tangible  or  intangible. 

One  evidence  of  the  importance  of  highways  is  the  great  amount  of  tourist 
travel.  The  cultural  benefits  to  the  American  public  of  opportunity  to  travel, 
to  see  different  parts  of  the  country,  to  talk  with  people  from  different  localities 
and  to  learn  their  thoughts  and  customs,  are  immeasurable.  The  tourist  busi- 
ness additionally  has  a  tremendous  economic  value. 

Until  a  few  years  ago,  reliable  information  concerning  the  nature  and  extent 
of  tourist  travel  and  expenditures  was  lacking.  Such  studies  as  were  made  were 
generally  fragmentary  in  nature.  In  recent  years  the  Bureau  has  encouraged 
the  making  of  tourist  studies,  carefully  controlled  by  relating  the  data  to  traffic 
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counts  at  (lie  Stale  bcjiders  or  i)articiilar  areas  so  that  the  saiiiple  irifnriiiation 
could  be  correctly  expanded. 

In  1950  the  Bureau  cooperated  with  the  States  in  conductin;;'  tourist  studies 
in  Arkansas,  Oregon,  Washington,  Yellowstone  National  Pai'k  in  Wyoming,  and 
the  Black  Hills  area  in  South  Dakota.  Similar  studies  were  made  previously 
in  Arizona,  Utah,  Idaho,  Montana,  New  Mexico,  Virginia,  and  the  Great  Smoky 
Mountains  National  Park  in  Tennessee.  Numerous  other-  States  have  indicated 
their  desire  to  conduct  studies  of  this  character.  Pennsylvania  is  inaugurating 
such  a  study  and  Ohio  and  New  York  are  considering  tourist  surveys.  The 
States  are  particularly  interested  in  knowing  the  income  derived  from  highway 
travel. 

Toll  road  studies 

The  Bureau  is  studying  toll  road  developments  throughout  the  country  and 
in  some  instances  participating  in  cooperative  studies  of  traffic  usage.  Studies 
of  traffic  on  roads  to  be  paralleled  by  toll  highways  were  started  in  1947  in 
Maine  and  in  1948  in  New  Hampshire  and  have  been  continued  to  obtain  com- 
parable traffic  information  after  completion  of  the  toll  roads.  A  comparison 
of  "before  and  after"  data  reveals  the  amount  and  kind  of  traffic  which  shifts 
to  the  new  facility  and  the  amount  and  kind  of  new  traffic  on  both  the  old  and 
new  facilities. 

Similar  studies  are  being  made  on  the  east  and  west  extensions  of  the  Penn- 
sylvania Turnpike  and  in  Ohio  between  the  Pennsylvania  State  line  and  Cleve- 
land, in  cooperation  with  the  respective  State  highway  departments. 

Traffic  volumes 

Traffic  on  rural  roads  reached  an  all-time  high  in  the  1950  calendar  year,  in- 
creasing over  that  of  the  previous  year  for  the  seventh  consecutive  year.  Total 
traffic  was  almost  9  percent  above  that  for  1949  and  137  percent  above  that  for 
1943,  the  wartime  low.  The  1950  estimates  are  based  on  records  obtained  at  983 
continuously  oi>erated  traffic  counting  locations,  an  increase  of  83  over  1949. 
Locations  on  both  main  and  local  roads  are  represented. 

Because  of  the  increased  problems  in  the  planning  of  urban  highways,  effort 
has  been  made  to  obtain  more  counts  of  traftic  in  cities.  Based  on  counts  made 
in  33  cities  (11  more  than  in  1949)  it  is  estimated  that  travel  in  urban  areas  is 
G  percent  greater  than  in  1949  and  103  percent  greater  than  in  1943. 

Truck  weights 

The  tonnage  of  goods  carried  by  trucks,  the  frequency  of  truck  movements,  and 
the  size  of  loads  carried  are  important  indications  of  highway  service.  Each 
year  operations  are  scheduled  to  obtain  this  information  by  weighing  commer- 
cial vehicles  at  selected  locations.  During  the  fiscal  year  45  States  participated 
in  this  program  and  vehicle  weights  were  obtained  at  more  than  500  locations. 
Comparison  of  data  obtained  with  that  of  previous  years  permits  the  calculation 
of  trends  in  vehicle  loading  and  in  frequencies  of  heavy  loads. 

Preliminary  analysis  of  the  1950  data  indicates  that  truck  traffic  increased 
more  than  passenger  traffic,  that  a  larger  proportion  of  the  trucks  were  loaded, 
and  that  the  average  load  was  materially  heavier  than  in  previous  years.  The 
cumulative  effect  of  these  factors  was  that  the  ton-mileage  of  carried  load  in- 
creased much  more  rapidly  than  the  vehicle-mileage  of  traffic  in  general.  It  is 
estimated  that  the  ton-mileage  hauled  in  1950  was  more  than  one-third  greater 
than  in  1949,  compared  to  an  increase  of  9  percent  for  the  vehicle-mileage  of 
travel  by  all  vehicles. 
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Rural  travel  and  road  usage 

Preliminary  conclusions  have  been  reached  in  a  study  of  rural  road  usage  in 
Charlotte  County,  Va.,  to  determine  the  effects  on  highway  travel  of  the  estab- 
lishment of  a  manufacturing  industry  in  an  area  previously  entirely  agricultural 
in  character.  As  the  standard  of  living  increases,  when  measured  by  such  fac- 
tors as  type  of  house,  size  of  family  in  relation  to  number  of  rooms,  modern  con- 
veniences, and  vehicle  ownership,  there  is  an  increase  of  motor-vehicle  travel 
and  a  demand  for  improved  highway  facilities.  In  this  area  daily  transportation 
to  and  from  work  is  entirely  by  highway  and  it  is  significant  that  few  of  the  300 
persons  employed  in  the  new  plant  have  changed  their  places  of  residence. 

A  new  industrial  plant  may  require  some  changes  in  the  location  of  roads  in  a 
rural  county,  but  this  influence  is  closely  interwoven  with  other  influences,  such 
as  increased  or  decreased  marketing  of  forest,  farm,  and  mineral  products, 
changing  tourist  traflic,  and  changing  merchandising  services  that  go  along  with 
increased  or  decreased  family  incomes.  The  pattern  of  traffic  generated  by  new 
industries  will  be  superimposed  on  a  road  system  already  developed  for  the  other 
patterns,  increasing  the  demand  for  adequately  maintained  surfaces  and  in  many 
instances  for  the  construction  of  a  higher  type  of  highway. 

City  surveys 

Planning  based  on  reliable  origin  and  destination  information  and  other 
pertinent  facts  concerning  travel  in  urban  areas  has  become  a  widely  accepted 
principle  in  the  location  and  design  of  new  urban  arterial  routes.  Emphasis 
is  placed  on  the  need  for  use  of  factual  data  in  planning  by  the  ever-increasing 
traflic  and  congestion  in  urban  areas  and  the  concentrated  efforts  being  made 
to  improve  existing  conditions. 

To  collect  essential  facts,  comprehensive  metropolitan  area  transportation 
studies  by  the  home-interview  method  were  developed  in  1944  and,  since  that 
time,  such  studies  have  been  made  iii  89  metropolitan  areas  in  35  States.  Four 
were  started  during  the  fiscal  year.  Origin  and  destination  traffic  studies  were 
undertaken  by  abbreviated  methods  in  a  number  of  the  smaller  cities  and 
several  more  such  studies  were  about  to  begin. 

Study  of  travel  on  superior  arterial  routes  in  urban  areas  was  initiated  in 
1950  and  is  being  continued  as  new  arterial  routes  are  placed  in  operation. 
Analysis  of  the  trip  data  collected  in  four  different  cities  shows  that  a  con- 
siderable number  of  drivers  choose  a  superior  facility  in  going  from  one  point 
to  another  even  though  the  trip  requires  both  added  travel  time  and  added 
distance.  Preliminary  results  indicate  that,  when  travel  time  is  the  same  by 
either  route,  approximately  50  percent  of  the  drivers  choose  the  superior  fa- 
cility even  though  the  distance  is  greater  than  it  would  be  by  an  alternate,  less- 
attractive  route.  When  both  time  and  distance  are  saved,  the  percentage  of 
drivers  that  choose  the  superior  facility  approaches  95  to  100  percent.  Addi- 
tional studies  must  be  made  in  other  cities  and  on  facilities  of  varying  design 
and  attractiveness  before  more  comprehensive  and  definite  conclusions  can 
be  reached. 

Parking  and  terminal  facilities 

Facts  about  parking  conditions  in  congested  downtown  urban  areas  have 
been  obtained  from  studies  made  cooperatively  with  State  highway  departments 
and  city  authorities  in  77  cities  in  30  different  States.  These  facts  on  present 
usage  of  parking  facilities,  when  compared  with  traffic  volumes  used  in  plan- 
ning expressway  and  arterial  street  improvements  serving  the  same  area, 
demonstrate  the  need  for  planning  parking  improvements  to  meet  the  demand 
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to  he  ('X[)('ckMl  wlit'ii  iiuijoi-  nrlcrics  iii'c  liiiill.  In  cilics  rif  less  lluiii  HO.OIM) 
I)Oi)Ul<iti()ii,  wiicrt'  Irnllic  vdluiiics  iirc  rcl.-it  i\<'l\'  siii.ill  :iii(i  wlicif  |)ii\;itt'  enter- 
prise cannot  st'<'  ;i  priilil  in  the  p.-irkitii;  husiiii'ss,  cities  mikI  imiivi(iii;il  iiiri-cluints 
liave  been  forced  lo  prdvide  p;irl<iii,L;  tiicilil  ies.  IIiis  s<'i\  ice  in  <ilies  nt  litis 
si/e  is  seldom  iuhMpiMte  and  jteople  (leiiend  on  pri\;ile  anlomobiles  i'ny  t  r;nis- 
portation.  In  lai'ficr  cities  tlie  lacl<  of  an  agency  nv  deparlnient  with  clearly 
delined  authority  and  resi)onsil(ilily  for  developin;;  and  adiuitiistt'i-in;i  paikin;,' 
programs  is  a  major  cause  of  delay  in   reducing,'  liarUinji  con^icstion. 

Although  the  studies  thus  far  liav<'  lieen  directed  toward  downtown  prolilems, 
there  is  a  growing  realization  that  criteria  must  l)e  established  for  use  in  tlie 
planning  and  development  of  the  outlying  and  suburban  community  shopping 
areas  and  their  essential  parking  facilities.  Approju-iate  recognition  nuist  be 
given  to  areas  of  retail  trading  ititluence  and  to  the  arterial  highway 
development. 

Weighing  vehicles  in  motion 

A  knowledge  of  the  actual  weight  of  commercial  vehicles  as  they  are  operated 
over  the  Nation's  highways  and  of  the  fre(iuency  of  heavy  axle  loads  is  necessary 
in  the  regulation  of  vehicles  and  in  design  of  highway  surfaces  and  bridges. 
Information  is  also  necessary  to  determine  the  t(ninage  of  freight  hauled  l)y 
trucks  and  the  trend  in  the  total  weights  and  axle  weights  of  individual  trucks 
of  different  types  and  axle  arrangements. 

The  Bureau  has  cooperated  with  State  highway  departments  in  obtaining 
information  by  conducting  periodic  surveys.  Trucks  are  stopped  and  weighed 
either  on  portable  loadometer  scales  or  on  platform  scales.  The  number  of 
vehicles  weighed  has  been  limited  because  of  the  cost  of  the  operation  and  the 
inconvenience  to  truck  operators. 

During  the  past  4  months  an  electronic  scale  has  been  developed  by  the 
Bureau,  working  in  cooperation  with  manufacturers  of  electrical  equipment. 
The  device  measures  and  records  the  weights  of  trucks  as  they  travel  on  the 
highway  at  their  normal  speeds.  The  speed  of  the  truck,  the  weight  on  each 
axle,  and  the  distance  between  axles  is  recorded  without  interfering  with  the 
normal  flow  of  traffic. 

Testing  of  the  device  is  still  under  way  but  it  is  alread.v  indicated  that  the 
weight  of  a  vehicle  in  motion  can  be  obtained  with  a  high  degree  of  accuracy. 
If  the  early  indications  are  confirmed  by  the  more  exhaustive  tests  now  in 
progress,  the  instrument  will  provide  the  means  of  obtaining  a  great  amount  of 
needed  statistical  information  at  low  cost.  It  will  also  provide  a  means  of 
detecting  overweight  vehicles,  which  are  causing  abnormal  damage  to  highway 
surfaces,  without  delaying  other  vehicles.  This  should  result  in  lietter  enforce- 
ment of  legal  load  limits. 

Highway  capacity 

During  the  year  many  cities  and  States  have  benefited  l»y  the  information 
contained  in  the  HUjhinnj  Cdinicitii  ^[(U}llal,  published  near  the  beginning  of  the 
fiscal  year.  Preliminary  plans  have  been  revamped,  eliminating  potential  bot- 
tlenecks at  some  locations  and  economizing  at  other  locations  where  it  was 
found  that  a  less  extensive  plan  would  satisfy  traffic  requirements.  A  study  of 
the  preliminary  plans  for  an  expressway  in  one  of  our  largest  cities  revealed 
that  the  traffic  for  which  the  main  body  of  the  expressway  was  designed  could 
neither  find  access  to  nor  egress  from  the  through  traffic  lanes  because  of 
restrictions  imposed  by  faulty  connecting  ramps,  ramp  terminals,  and  weaving 
areas.     Revision  of  plans  to  conform  with  capacity  requirements  is  certain  to 
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result  in  a  design  that  will  permit  the  expressway  to  function  pioperly  and 
serve  its  intended  purpose. 

Traffic  bottlenecks,  once  they  become  a  reality,  are  simple  to  detect  but 
costly  to  eliminate.  To  be  able  to  detect  them  prior  to  construction,  which  is 
now  possible,  marks  a  great  advance  in  highway  economy  since  correction  is 
now  largely  a  matter  of  redesign  rather  than  of  reconstruction. 

Motor-vehicle  performance 

The  manner  in  which  passenger  cars  and  commercial  vehicles  perform  on  the 
highway  is  of  utmost  importance  to  highway  engineers  and  administrators. 
The  Bureau  has  conducted  extensive  tests  to  evaluate  motor-vehicle  perform- 
ance. Vehicle  performance  is  a  broad  term,  but  to  the  highway  engineer  it 
means  the  ability  to  ascend  and  descend  grades,  to  stop  within  certain  limits, 
to  go  around  curves  of  various  degrees  of  sharpness,  and  to  increase  speed  on 
level  grades.  It  also  includes  the  performance  of  a  vehicle  in  terms  of  fuel 
consumption,  tire  wear,  travel  time,  and  maintenance. 

Research  has  been  aimed  at  three  principal  goals :  Development  of  highway 
facilities  that  harmonize  with  the  performance  of  vehicles ;  formulation  of 
practical  regulatory  measures  that  will  insure  safety  and  yet  not  cause  economic 
hardships  to  highway  users ;  and  determination  of  the  proper  economic  relation 
Ijetween  the  cost  of  providing  highway  facilities  and  the  cost  of  operating  the 
vehicles  that  use  them. 

Research  projects  have  been  initiated  to  determine  for  vehicles  of  various 
types : 

1.  The  hill-climbing,  down-grade,  and  level-road  ability  in  terms  of  speed, 
weight,  and  power. 

2.  The  forces  that  oppose  the  motion  of  motor  vehicles,  such  as  friction  between 
tires  and  road  surface,  friction  between  the  moving  parts  of  the  vehicle,  and 
resistance  of  air. 

3.  The  braking  ability  in  terms  of  vehicle  stopping  distance. 

4.  The  turning  ability  in  terms  of  off-tracking  or  turning  width  and  radius 
of  curvature. 

5.  The  direct  operating  cost  factors  of  motortrucks. 

Work  during  the  past  year  has  been  largely  concentrated  on  the  development 
of  a  formula  for  predicting  the  hill-climbing  and  level-road  ability  of  commer- 
cial vehicles,  the  determination  of  the  braking  ability  of  all  types  of  vehicles, 
and  the  determination  of  the  actual  operating  relation  between  the  weight  of 
commercial  vehicles  and  the  engine  horsepower. 

Assistance  has  been  given  a  committee  of  the  Society  of  Automotive  Engineers 
in  developing  a  procedure  for  predicting  truck  ability  on  grades  and  level  roads. 
The  project  is  nearing  a  successful  conclusion  and  it  is  now  possible  to  compute 
performance  with  a  reasonable  degree  of  accuracy.  The  Bureau  has  contributed 
formulas  for  the  forces  that  oppose  the  motion  of  a  vehicle  and  has  checked  the 
results  obtained  against  the  results  of  actual  tests.  It  appears  that  an  average 
difference  between  the  computed  and  actual  ability  of  5  to  10  percent  can  be 
expected.  Costly  road  tests  will  no  longer  be  necessary  in  many  instances 
because  of  the  development  of  this  prediction  procedure. 

Brake  research 

In  1941  the  Bureau  undertook  an  extensive  study  of  the  performance  of  brakes 
in  cooperation  with  the  highway  transport  industry.  It  had  the  assistance  of  a 
committee  composed  of  representatives  of  20  interests  connected  with  highway 
transport :  4  in  the  Government  and  16  others. 
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TliL'  research  luis  hct'ii  divided  iiiln  ilnec  plmses  :  'I'esis  mi  veiii<les  in  service, 
selected  at  i-jiliddin  Irdiii  llie  .i^ciieijil  lr;illir;  cuiil  idlled  tesls  (ni  new  ciinnnei  ri;il 
velii<'les;  and  eoni  rolled  tests  on  used  (■oniinercial  \eliiiles. 

Tests  in  the  first  and  third  phases  were  mad*'  b.\  llie  r.iiieau  :iii(i  those  in  t  h«' 
second  phase  hy  the  I'.rake  'I'echnieal  ("oimnittee  ol'  the  Aiitoinoliije  Manufac- 
turers Association.  'I'he  project  was  interrupted  hy  the  war.  .\t  that  time  oidy 
the  first  phase  liad  heen  completed.  After- the  war  it  was  nei-essary  to  repeat 
tliese  tests  in  three  locations  -Maryland.  Micliij-'an,  and  <'aliforiiia.  'I'ln-  field 
wori<  for  all  llie  jthasi's  was  completed  i  In  rin;:  I  lie  jiast  ,\'eiir. 

Miiiiiiiiiiii  liill-i-limbin^  requirement 

A  lepil  requirement  tliat  a  truck  must  he  ahle  to  maintain  a  specified  minimum 
speed  on  a  jii'ade  of  a  given  slope  lias  often  heen  advanced  witli  tlie  idea  of 
eliminating  tlie  congestion  that  results  from  slow-moving  trucks  on  hills.  Studies 
conducted  by  the  Bureau  have  shown  the  futility  of  attempting  to  legislate  and 
enforce  a  minimum  performance  requirement  to  eliminate  congestion.  Solution 
of  the  problem  appears  to  lie  in  the  field  of  highway  design.  It  is  indicated, 
however,  that  a  requirement  fixing  a  relation  between  net  engine  horsepower  and 
gross  weight  of  vehicle  is  desirable.  Such  a  requirement,  since  it  would  involve 
vehicle  design,  would  also  result  in  better  balance  between  the  weight  of  a 
vehicle  and  the  capabilities  of  its  brakes,  tires,  and  other  component  parts.  This 
better  balance  should  result  in  safer  vehicles  on  our  highways. 

A  special  study  was  initiated  this  year  to  obtain  data  on  the  weiglit  and 
horsepower  of  vehicles  as  operated  in  everyday  traffic.  One  weighing  station 
located  on  a  major  trucking  route  was  operated  in  almost  every  State.  The 
data  obtained  are  being  analyzed  to  show  what  impact  any  recommended 
requirement  would  have  on  the  industry. 

Financial  and  Administrative  Research 

Work  under  this  general  heading  includes  studies  of  highway  costs,  adminis- 
tration and  management,  land  acquisition,  highway  access  and  roadside  control, 
terminal  facilities,  finance  and  taxation,  and  allied  economic  problems.  During 
the  past  year  progress  was  made  in  all  of  these  fields  of  study. 

Finance  and  taxation 

All  of  the  States  regularly  report  to  the  Bureau  data  on  motor-vehicle  regis- 
trations and  receipts,  motor-fuel  consumption  and  taxation.  State  highway 
income,  expenditures,  and  debt.  State  highway  mileage  existing  and  built,  and 
allied  subjects.  Although  the  reporting  of  highway  data  for  counties  and  munici- 
palities is  much  less  complete,  more  than  40  States  now  supply  reports  of  county 
and  local  rural  road  income,  expenditures,  and  debt.  A  majority  of  the  States 
are  also  supplying  data  on  the  highway  finances  of  urban  places.  The  analysis 
and  compilation  of  the  State,  county,  and  local  data,  and  the  publication  of 
statistical  tables  and  reports  based  upon  them,  result  in  a  substantial  contribu- 
tion to  research  in  the  field  of  highway  finance. 

Continued  assistance  was  given  to  States  engaged  in  studies  of  highway 
financing  problems.  Work  in  this  field  included  the  preparation  and  distribution 
among  the  States  of  a  report  on  the  problem  of  allocating  motor-vehicle  tax 
responsibility  among  vehicles  of  different  t.vpes  and  sizes.  Field  visits  were 
made  to  supply  assistance  in  the  conduct  and  development  of  highway  finance 
and  tax  studies.  In  response  to  a  request  from  one  State,  a  statement  was  pre- 
pared discussing  the  recent  experience  of  other  States  in  the  bond-issue  financing 
of  highways.    For  another  State  the  validity  and  soundness  of  a  proposal  for  the 
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credit  financing  of  State  highway  improvements  was  tested  in  a  series  of  calcu- 
lations. Further  assistance  was  rendered  by  the  review  of  State  reports  prior 
to  their  publication. 

Much  of  the  research  in  this  field  is  in  cooperation  with  committees  of  the 
Highway  Research  Board  and  the  American  Association  of  State  Highway 
Officials.  At  the  request  of  the  Committee  on  Highway  Taxation  and  Finance 
of  the  former,  a  selected  bibliography  on  highway  finance  was  compiled  and 
published  during  the  year.  The  Special  Subcommittee  for  Study  of  Highway 
Finance  Problems  of  the  Association  has  the  responsibility  of  maintaining  current 
an  inventory  of  improvement  needs  of  the  Federal-aid  systems.  The  Bureau 
is  actively  cooperating  in  this  work. 

Motor-vehicle  use  studies 

A  new  series  of  motor-vehicle  use  studies,  designed  to  yield  information  about 
the  characteristics  of  postwar  motor-vehicle  travel,  was  inaugurated  shortly  be- 
fore the  close  of  the  fiscal  year.  Road-use  surveys,  conducted  during  the  period 
1935-40  in  a  large  number  of  States,  revealed  the  pattern  of  prewar  travel. 
More  recently  numerous  cities,  with  State  and  Bureau  cooperation,  have  con- 
ducted origin-destination  surveys  in  which  the  special  characteristics  of  urban 
travel  were  studied.  The  new  surveys  follow  the  style  of  the  earlier  road-use 
studies,  in  that  they  are  State-wide  in  scope  and  are  designed  to  classify  motor 
vehicles  and  their  travel  with  respect  to  rural  or  urban  location  and  size  of  urban 
place,  as  well  as  by  road  system  and  purpose  of  travel.  The  technique,  however, 
is  similar  in  many  respects  to  that  of  the  home-interview  urban  origin-destination 
studies. 

At  the  close  of  the  fiscal  year  motor-vehicle  use  studies  had  been  started  in  two 
States,  and  negotiations  were  under  way  in  several  others.  The  Bureau  assists 
in  the  organization  of  these  studies,  and  provides  guidance  in  the  interest  of 
uniformity  among  the  States. 

Study  of  road  usage  and  condition 

A  series  of  studies  was  initiated  in  19-50  to  evaluate  the  performance  of  selected 
road  sections.  These  studies  will  extend  over  a  period  of  several  years,  with 
the  objective  of  obtaining  a  continuing  record  of  road  condition,  performance, 
and  costs,  and  their  relation  to  the  traffic  volumes  and  weights  of  vehicles 
using  the  roads.  Detailed  information  is  being  obtained  on  roadway  structures, 
condition,  and  costs,  and  on  traffic  characteristics,  for  correlation  and  comparison. 
Evaluation  of  the  performance  of  the  selected  road  sections  is  in  terms  of  rough- 
ness, occurrence  of  cracks,  and  other  signs  of  pavement  fatigue  in  relation  to 
frequencies  of  heavy  loads,  volumes  of  traffic,  and  costs. 

During  the  past  year  approximately  425  test  sections  in  37  States  have  been 
selected  for  study.  Most  of  these  test  sections  are  at  locations  where  traffic 
counts  and  weight  studies  have  been  made  in  previous  years.  New  schedules 
for  counting  vehicles  and  weighing  trucks  are  being  placed  in  operation  at  all 
of  the  selected  locations.  These  schedules  include  seasonal  operations  as  well 
as  increased  daily  coverage.  During  the  past  year  construction  and  maintenance 
cost  data  have  been  obtained  from  16  States  for  182  of  the  test  sections.  Annual 
road  cost  analyses  have  been  completed  for  38  of  the  test  sections  and  partially 
completed  for  70  others. 

Highway  costs 

Every  highway  generates  a  demand  for  rebuilding,  modernization,  mainte- 
nance, and  operation.  Many  facts  are  needed  in  order  that  such  demands  may 
be  met  effectively,  among  which  are  data  relating  to  the  costs  of  highways. 
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Highway  cosl  .studies  wt'i-c  (•(HiliniK'd  diirini;  llic  yc-ir  in  <(i(i|icr.il  inn  wjili  tin- 
State  highway  dcpartinciits.  Tlu'sc  studies  i-cl;itr  to  const  nirijon  :iiid  inaiidc- 
ii.'ince  costs,  servico  lives,  ;nid  tlic  r((|nii'fMl  i-;itcs  of  rciiliicciiicnl  of  iti"  \;iiiiiiis 
tyijos  of  surfaces. 

A  pilot  study  u-^is  carr-ied  out  during  llie  ycjir,  iu  cooixTat  ion  witli  llic  Ken- 
tucky Deiiai'tnient  of  Ilinliways,  of  tlie  aiuuial  cost  ol'  a  series  of  liiKliway  control 
.sections  conij)ri.sinK  a  continuous  route  !210  miles  in  lenKtli. 

Assistance  was  given  to  three  States — North  Daicota,  Ohio,  and  VirKirna— 
for  wliicli  ioiig-iangv  liighway  needs  .studies  were  being  made  by  the  Automotive 
Safety  Foundation,  and  to  Colorado,  which  made  its  own  study.  The  assistance 
included  extensive  applications  of  road  life  and  annual-cost  information  in  .setting 
n|i  a  replaceiiKMit  program,  adjusting  the  i)rogram  for  r)redicted  annual  change.s 
in  revenue  and  price  levels,  and  calculating  the  annual  costs  of  bi'ingiiig  tlie 
several  liiglnvay  and  street  systems  up  to  ade(piacy  for  varying  program  p<M-iods. 

In  the  Virginia  study,  efforts  were  concentrated  on  overconnng  those  de- 
liciencies  which  are  most  serious  from  the  standpoint  of  national  defense  ,ind 
essential  civilian  traffic  in  the  present  emergency. 

During  the  year  assistance  was  given  to  two  State  highway  departments  in 
setting  up  control  sections  on  their  primary  highway  systems,  and  to  several 
States  in  reviewing  procedures  and  methods  for  reporting  maintenance  and 
operation  costs  by  control  sections.  It  has  become  increasingly  evident  that  there 
.should  lx>  a  common  basis  for  keeping  records  of  costs.  The  control  section  pro- 
cedure is  now  generally  accei^ted  as  the  most  convenient  means  for  the  assembly 
of  highway  data  in  a  form  suitable  for  analysis  and  correlation.  Control  sections 
have  been  .set  up  in  approximately  one-third  of  the  States  since  this  work  was 
undertaken  in  1946. 

Production  cost  studies 

The  underlying  purjiose  of  all  production  cost  studies  is  reduction  of  unit  costs 
in  highway  work.  This  objective  can  be  attained  only  through  increased  efficiency 
of  construction  and  maintenance  operations.  The  work  in  this  field  done  by  the 
lUireau  consists  largely  of  time  studies  of  equipment  and  labor  performance  on 
\;iri()us  construction  and  maintenance  operations,  in  an  effort  to  determine  those 
delays  which  may  be  eliminated  or  opei'ating  procedures  which  should  be 
changed,  thus  increasing  efficiency  and  ultimately  lOAvering  costs. 

Studies  of  equipment  performance  were  conducted  on  34  construction  projects 
throughout  the  country.  The  1-year  study  in  Connecticut  of  equipment  utiliza- 
tion and  performance  in  State  highway  maintenance  was  continued  through  the 
year,  following  preliminary  pilot  studies  started  during  1950.  Shorter  studies 
of  equipment  utilization  and  performance  on  State  highway  maintenance  were 
conducted  in  four  States. 

Studies  of  the  operation  of  a  soil  stabilization  machine  showed  that  S-foot 
.sections  of  a  roadway  can  be  processed  at  an  average  rate  of  1,472  feet  per  hour, 
exclusive  of  all  delays,  maneuvers,  and  turns.  When  an  allowance  is  made  for 
the  two  items  of  turning  and  maneuvering  the  rate  is  reduced  to  1,340  feet. 

Highway  administration 

Work  in  this  field  was  carried  on  chiefly  iu  cooperation  with  tlie  Committee 
on  Highway  Organization  and  Administration  of  the  Highway  Research  Board. 
Attention  w^as  centered  during  tlie  year  on  a  comprehensive  study  of  personnel 
practices  among  the  State  highway  departments.  A  progress  report  on  this 
study  was  presented  at  the  annual  meeting  of  the  Board.  Detailed  reports  are 
being  prepared  on  hours  of  work,  overtime,  vacation,  and  sick-leave  provisions, 
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on  retirement  provisions,  and  on  merit  system  provisions  in  State  highway 
employment. 

A  preliminary  study  of  the  statutory  provisions  affecting  State-local  highway 
relations  was  completed.  The  subject  matter  of  this  study  included  general 
policy,  design,  planning  and  budgeting,  purchasing,  equipment,  personnel,  and 
exchange  of  equipment  and  services. 

A  beginning  -^as  made  in  the  study  of  administrative  practices  in  motor-vehicle 
regulation.  Statutory  data  on  penalty  provisions  for  violations  of  truck  weight 
and  size  limitations,  and  on  the  enforcement  thereof,  were  compiled.  A  study 
of  the  taxation  and  regulation  of  motor  carriers  was  also  begun. 

Land  acquisition,  roadside  control,  and  terminal  facilities 

Research  in  the  legal  and  administrative  phases  of  right-of-way  acquirement, 
roadside  protection,  and  parking  facilities  was  continued. 

A  report  dealing  with  the  right  of  immediate  possession  of  property  needed 
for  highway  purposes  was  completed,  in  cooperation  with  the  Committee  on 
Right-of-Way  of  the  American  Association  of  State  Highway  Oificials,  based 
upon  facts  reported  to  the  committee  through  a  questionnaire  on  State  land- 
acquisition  practices. 

A  special  study  of  highway  zoning  and  roadside  protection  was  completed  and 
published  in  the  March  1951  issue  of  the  Wisconsin  Laic  Revieiv.  While  the 
study  pertained  principally  to  Wisconsin,  its  findings  and  conclusions  are  ai>- 
plicable  to  most  States. 

The  study  of  the  impact  of  an  expressway  on  an  urban  and  suburban  com- 
munity, with  the  Shirley  Memorial  Highway  in  Virginia  as  the  subject,  was 
continued  during  the  year.  Land-use  and  land-value  changes  were  recorded  and 
analyzed.  A  study  of  similar  type  has  been  undertaken  by  the  Texas  State 
Highway  Department,  in  cooperation  with  the  Bureau,  of  the  Gulf  Freeway  in 
Houston. 

In  cooperation  with  a  committee  of  the  Highway  Research  Board,  the  Bureau 
has  undertaken  a  study  of  procedures  available  for  the  reservation  of  lands  for 
right-of-way  prior  to  their  acquisition  in  the  customary  manner.  These  include 
subdivision  regulations,  zoning,  designation  of  ultimate  right-of-way  widths, 
reservation  agreements,  easements,  administrative  measures,  etc.  Over  60  cities 
that  were  known  to  have  used  procedures  for  this  purpose  were  asked  to  supply 
information.     The  answers  are  being  analyzed. 

A  study  has  also  been  initiated  of  the  effectiveness  of  various  types  of  parking 
agencies  in  some  of  the  cities  of  the  United  States.  A  large  amount  of  informa- 
tion on  all  phases  of  the  parking  problem  has  been  gathered,  and  the  data  are 
being  studied  with  the  objective  of  developing  desirable  principles  of  administra- 
tion of  oif-street  parking  facilities.  The  study  encompasses,  at  one  extreme,  a 
special  ad  hoc  parking  authority  having  the  power  of  eminent  domain  and 
authority  to  issue  revenue  bonds  and,  at  the  other  extreme,  a  parking  commission 
with  advisory  powers  only. 

Cities  conducting  parking  surveys  were  assisted  in  solution  of  the  legal,  ad- 
ministrative, and  financial  problems  involved  in  the  provision  of  off-street  parking 
facilities.  Progress  in  a  number  of  cities  was  notable.  A  study  of  parking 
facilities  as  public  utilities  was  completed. 

Assistance  has  been  rendered  in  the  formulation  of  administrative  policies  and 
legislation  designed  to  regulate  land-use  development  along  roadsides,  to  pro- 
tect motorists  and  property  owners  from  the  consequences  of  haphazard  develop- 
ment. 

Extensive  information  concerning  current  legislation,  court  decisions,  and 
administrative  practices  relating  to  control  of  highway  access,  highway  rights- 
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(if-wuy,  I'ondsidc  ;ii'c;is,  and  parldn^;'  I'.-iri  lil  ics  lias  liccii  ilisscn'iiia  I  i-'l  llirnii;;li   ilic 
llij^liWiiy  Rcst'iiicli  I'.iiaid. 

Hydraulic   Research 

III  llic  licld  of  liydraiilics,  (Ti'ml  lias  liccii  dircclrd  prima  ri  ly  Inward  dim-sliii;; 
miiiici'diis  iTscarcli  rcimi'ls  and  dc\  clnpi  iiu  llif  a[ipliral  inii  nf  siidi  daia  In  lluf 
soliilidii  (d'  pnililciiis  cnniiiiniily  ciicnniilcicd  in  lii;4li\\a\  (■ii;;iiM'criii;;.  'i'lic  rc- 
poi'ls  liciii.u  used  arc  llmsc  rcsnlliii^  \'v<>\\\  llic  wurk  ol'  llm  lliircaii,  cnnpcral  in;; 
n.u'ciicics.  (illicr  l^'cdcral  agencies,  and  iiiii\  crsil  ics. 

T1h>  (Icsiraldlily  id'  iiiakin.L;-  llic  lalcsl  dala  availaldc  In  lidd  .•n^inccr^  lias  liccii 
evidenced  by  studies  nf  plans  t'ov  I'\'(leriil-aid  projects.  It  has  iiecn  rmiiul  tliut 
some  (lesijiiiers  were  imt  aware  id'  newly  devel()i)ed  iiifnrniatinii  on  tlie  liydriiuli<- 
cliaracteristics  (d'  stonu-draiii  inlets  and  variniis  siiecial  st  ruelures  for  handling; 
sloi'ni  I'unoff.  The  Held  of  information  in  wliiili  desluners  appear  to  need  tlu- 
most  help,  howexcr,  is  in  estimating  the  magnitude  (d'  a  llooil  likely  to  occur 
on  a  given  watershed. 

The  need  for  authoritative  data  on  pealc  rates  of  rniudT  has  long  i)een  recog- 
nized, but  only  within  recent  years  have  records  been  accunnilate<l  for  n  sr.lli- 
cieiit  number  of  years  to  enable  i-easonably  accurate  estiunition  of  llond 
frequencies.  The  lUireau  does  not  engage  in  measui'ing  pealv  rates  id'  rainfall 
and  runoff,  since  that  worlv  normally  is  done  by  such  agencies  as  the  Weather 
r.ureau  and  the  Geological  Survey  and,  on  research  projects,  by  the  Soil  Conser- 
vation Service  and  the  Forest  Service.  Working  with  data  from  all  of  these 
sources,  progress  is  being  made  in  establishing  signiticant  relations  between  peak 
rates  of  runoff  and  the  size  of  the  drainage  area,  as  well  as  with  a  number  of 
other  factors  involving  characteristics  of  the  watershed  and  of  the  local  climate. 

The  policy  of  utilizing  the  facilities  of  existing  hydraulic  laboratories  for 
i-esearch  on  the  t\ow  of  water  through  structures  commonly  used  on  highways 
is  working  satisfactorily.  During  the  fiscal  year  research  projects  have 
been  under  way  at  the  State  University  of  Iowa,  University  of  Illinois,  Oregon 
State  College,  and  the  Rocky  Mountain  Hydraulic  Laboratory. 

The  basic  investigation  of  the  mechanics  of  scour  around  bridge  piers  and 
abutments  is  continuing  at  the  Iowa  Institute  of  Hydraulic  Research  as  a  Fed- 
eral-aid project  under  an  agreement  with  the  low^a  State  Highway  Commission. 
A  progress  report  was  published  during  the  year  by  the  Highway  Research 
IJoard.  Arrangements  are  now  being  made  to  explore  the  iise  of  electronic 
instruments  for  measuring  the  depth  of  scour  around  actual  bridge  piers  during 
flood  stages.  Measurements  made  during  normal  flow  are  not  sufficiently  in- 
formative. The  experience  of  the  Coast  and  Geodetic  Survey  in  the  use  of 
portable  depth  recorders  will  be  utilized.  This  investigation  holds  promise  of 
eventually  developing  reliable  data  to  be  used  in  predicting  the  maximum  depth 
to  which  scour  is  likely  to  extend  at  any  given  bridge  site.  Such  information 
is  essential  for  design  to  withstand  floods  without  waste  of  funds. 

The  Iowa  Institute  of  Hydraulic  Research  is  also  conducting  for  the  r.ureau 
a  basic  investigation  on  the  movement  of  sediment  in  pipe  lines.  Results  already 
obtained  indicate  that  some  of  the  accepted  concepts  of  silting  in  pipe  lines 
will  have  to  be  revised.  It  is  well  known  that  storm  drains  occasionally  become 
tilled  up  with  sediment  to  the  extent  that  frequent  costly  cleaning  is  required. 
The  work  at  Iowa  City  is  aimed  at  discovering  the  basic  factors  which  cause 
material  to  be  deposited.  It  is  already  obvious  that  where  pipe  lines  must  be 
placed  (Ui  very  flat  grades  because  of  the  topography  it  is  virtually  impossible 
to  prevent  silt,  sand,  and  gravel,  if  brought  into  a  pipe,  from  being  deposited. 
The  alternative  then  becomes  the  installation  of  settling  basins  which  will  trap 
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material  too  large  to  be  moved  through  the  pipe.  TTie  design  of  such  basins  is 
also  being  investigated  at  lovpa  City. 

Research  on  other  phases  of  the  flow  of  water  in  storm  drains,  particularly 
with  respect  to  highways  in  urban  areas,  is  continuing  at  the  University  of 
Illinois  as  a  Federal-aid  project  of  the  Illinois  Division  of  Highways.  This 
project  also  includes  statistical  studies  on  the  intensity  and  frequency  of 
rainfall. 

During  the  summer  of  1950  the  Rocky  Mountain  Hydraulic  Laboratory  co- 
operated with  the  Bureau  in  conducting  experiments  with  models  on  the  use  of 
flexible  mats  to  reduce  scour  around  bridge  piers.  A  report  has  been  published 
by  the  Highway  Research  Board. 

Just  before  the  end  of  the  fiscal  year  a  new  Federal-aid  project  began  at  Oregon 
State  College  under  an  agreement  with  the  Oregon  State  Highway  Commission. 
Its  object  is  to  determine  the  advantages  and  limitations  of  enlarged  inlets  on  box 
culverts.  The  need  for  this  investigation  has  become  evident  from  the  observa- 
tion that  culverts  on  steep  grades  may  flow  perhaps  only  half  full  despite  the 
fact  that  water  may  be  ponded  at  the  entrance  to  such  depth  that  the  roadway 
is  overflowed.  Enlarged  inlets  to  remedy  this  situation  are  being  used  on 
forest  highways  in  Oregon  but  the  limits  of  economical  operation  need  to  be 
established  by  research. 

The  Bureau  is  participating  in  the  work  of  the  Subcommittee  on  Hydrology 
of  the  Federal  Inter-Agency  River  Basin  Committee.  During  the  summer  of 
1950  it  assisted  in  preparing  material  for  consideration  by  the  President's  Water 
Resources  Policy  Commission,  particularly  with  respect  to  studies  on  the  ade- 
quacy of  basic  data  on  rainfall  and  runoff. 

Because  of  the  vast  amount  of  new  material  which  has  been  developed  within 
recent  years  on  hydraulics  and  hydrology,  there  is  a  great  need  for  training  of 
highway  engineers  in  the  application  of  the  new  knowledge  to  drainage  design 
problems.  This  training  is  being  accomplished  gradually  through  the  medium 
of  training  manuals  and  in-service  training  courses  conducted  in  the  fleld.  High- 
way engineers  trained  in  hydraulics  are  needed  to  accelerate  this  work.  That 
such  training  is  desirable  should  be  evident  from  the  fact  that  the  cost  of  cul- 
verts, bridges,  and  other  drainage  structures  amounts  to  approximately  25  per- 
cent of  the  total  cost  of  constructing  highways. 

The  Maryland  Road  Test 

An  extensive  study  to  determine  the  effect  of  heavy  loads  on  a  concrete  pave- 
ment was  started  in  June  1950  near  La  Plata,  Md.  Traffic  operations  of  this 
test  were  completed  in  December  but  study  and  tests  of  the  pavement  and  sub- 
grade  continued  through  the  spring  months  of  1951. 

The  principal  object  of  the  test  was  to  determine  the  relative  effects,  on  a 
particular  concrete  pavement,  of  four  different  axle  loadings.  Information  such 
as  was  obtained  from  this  experiment  is  greatly  needed  for  use  in  appraising 
the  load-carrying  capacities  of  existing  concrete  pavements,  for  use  in  designing 
new  pavements,  and  to  provide  fundamental  data  that  may  be  useful  in  fram- 
ing equitable  legislation  to  govern  highway  transportation. 

The  test  was  conducted  under  the  direction  of  the  Highway  Research  Board 
as  a  cooperative  project  of  11  eastern  States,  the  District  of  Columbia,  the 
Bureau  of  Public  Roads,  the  Department  of  Defense,  the  truck-manufacturing 
industry,  and  the  petroleum  industry.  The  Bureau  furnished  instruments  and 
technical  personnel  for  the  conduct  of  the  test  and  for  the  field  and  laboratory 
work  in  connection  with  the  soil  and  concrete  analyses  and  the  strain  and 
deflection  studies.     This  investigation  demonstrated  the  benefits  of  cooperation 
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l)y  ;i  nmulK'r  of  (livt'csc  imciirics  in  rcsc-ii-cli  <>ii  ;i  pinlilftn  i>t'  m'f;il  iiiiiln;il 
importaiKT. 

Till'  test  Wiis  (■ondiiclcd  >>t\  ;i  I.I  mile  sccliiui  i>\'  (■oiici'dc  p.-nciiicnl  on  I'  S 
HOI  south  of  Lii  riiitM.  M(l.  'I'lic  p.i\cnifiil  rdiisislrd  of  two  l"J-t'<Mii  Ijiim'S,  ca'ii 
liavinj;  <■!  lliickiu'ss  of  !>  inches  at  »'a<-h  cdKc  and  7  indies  ;it  I  he  centef  nnd  rein- 
forced witli  wire  mesh.  The  pavemenl  was  conslrucicd  in  lull,  and  for  '.)  >c;irs 
was  siibjtH-ted  lo  the  forces  of  naliire  and  lo  |o;idin;rs  of  comparatively  lit;iii 
weifjht.  At  the  lte;;innin^  id'  li:e  tesi  the  pnvemeiii  was  reniarkal)ly  free  of 
visible  damage. 

The  test  consisted  primarily  of  determiinn;?  the  relative  effects  on  adjoining 
lanes  of  travel  hy  trucks  of  llie  same  type  hut  with  differeid  axle  loading's.  Two 
two-axle  trucks,  each  with  18.(Mt()  pounds  on  the  rear  axle,  were  operated  on  one 
section,  and  two  two-axle  trucks,  each  with  22.4()(»  pounds  on  the  reai-  axle,  were 
operated  on  a  second  test  section  (the  adjacent  lane).  Two  tliree-axle  trucks, 
each  with  32,000  pounds  eciually  divided  between  the  tandem  rear  axles,  and 
two  three-axle  trucks,  each  with  44,800  pounds  eciually  divided  between  the 
tandem  rear  axles,  were  oper.-ited  on  the  thii'd  ;ind  fourth  parallel  sections, 
respectively. 

Observations  of  cracking;  of  the  four  differently  loaded  test  sections,  the  settle- 
ment of  the  slabs,  the  riding  quality,  and  other  effects  of  the  traffic  on  the  pave- 
ment are  being  used  to  evaluate  the  effects  of  the  several  loads.  Measurements 
were  made  of  the  strains  produced  in  the  pavement  by  loads  of  various  mag- 
nitudes, of  the  deflection  of  the  slabs  under  the  various  loails.  of  the  subgrade 
condition,  and  of  the  quality  of  the  concrete.  Tests  were  made  on  nearly  1,000 
samples  of  subgrade  soil  and  150  cores  from  the  pavement  to  indicate  their 
qualit.v.  After  completion  of  the  traffic  tests,  a  trench  24  inches  wide  and  36 
inches  deep  was  dug  along  the  edges  of  all  four  sections  to  facilitate  the  study 
of  the  soil  condition. 

AH  pertinent  data  must  be  carefully  analyzed  and  considered  liefore  final  con- 
clusions are  drawn.  However,  certain  facts  have  already  been  established.  The 
more  significant  observations  that  may  be  made  from  the  test  results  after  the 
completion  of  the  traffic  tests  (after  6  months  of  continuous  operation)  are  as 
follows : 

1.  Tests  on  soil  samples  obtained  throughout  the  length  of  the  pavement  ad- 
jacent to  the  pavement  edges  and  under  certain  sections  of  the  pavement  indi- 
cate that  there  is  substantial  uniformity  in  the  soils  on  the  two  sides  of  the 
pavement. 

2.  There  is  found  to  be  a  definite  correlation  between  soil  type  and  pavement 
behavior.  The  higher  the  granular  content  and  the  lower  the  plasticity  of  the 
soil,  the  better  the  performance.  The  subgrade  soil  on  this  project  is  typical 
of  the  soils  underlying  a  very  extensive  mileage  of  concrete  pavement  through- 
out the  country. 

;>.  The  progress  of  cracking  and  depression  t)f  joints  in  the  test  sections  has  a 
definite  relation  to  the  occurrence  of  pumping. 

4.  Based  on  both  tests  of  quality  and  measurement  of  dimensions,  the  concrete 
in  the  test  sections  is  of  good  strength  and  of  the  designed  thickness. 

5.  The  sections  were  damaged  by  the  loads  applied  as  follows  : 

(a)  The  44.800-pound  tandem-axle  loads  caused  approximately  12  times  as 
much  cracking  (lineal  feet)  as  the  o2.000-pound  tandem-axle  loads.  This  rela- 
tion held  true  over  a  period  of  almost  4  months,  that  is  from  20,000  to  92,000 
truck  passes  in  each  lane. 

(b)  The  22,400-pound  single-axle  loads  caused  approximately  six  times  as 
much  cracking  as  the  lS,(XX)-pound  single-axle  loads.     This  relation  held  true 
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over  a  period  of  almost  5  months,  that  is  from  35,000  to  238,000  truck  passes  in 
each  lane. 

(e)  After  92,000  passes,  93  percent  of  the  joints  in  the  section  carrying  the 
44,800-pound  tandem-axle  loads  were  broken  and  depressed.  In  the  same  num- 
ber of  passes,  18  percent  of  the  joints  in  the  section  carrying  the  32,000-pound 
tandem-axle  loads  were  broken  and  depressed. 

(d)  After  238,000  passes,  50  percent  of  the  joints  in  the  section  carrying  the 
22,400-pound  single-axle  loads  were  broken  and  depressed.  In  the  same  number 
of  passes,  IS  percent  of  the  joints  in  the  section  carrying  the  18,000-pound  single- 
axle  loads  were  broken  and  depressed. 

(e)  After  92.000  passes,  96  percent  of  the  slabs  in  the  section  carrying  the 
44,800-pound  tandem-axle  loads  and  27  percent  of  the  slabs  in  the  section  carry- 
ing the  32,000-pound  tandem-axle  loads  contained  cracks  which  have  been  ana- 
lyzed as  constituting  structural  failures  due  to  the  application  of  the  test  axle 
loads. 

(/)  After  238,000  passes,  58  percent  of  the  slabs  in  the  section  carrying  the 
22,400-pound  single-axle  loads  and  26  percent  of  the  slabs  in  the  section  carrying 
the  18,000-pound  single-axle  loads  contained  cracks  which  have  been  analyzed  as 
constituting  structural  failures  due  to  the  application  of  the  test  axle  loads. 

Additional  information,  which  will  be  of  great  value  to  designers  of  pavements 
and  to  those  charged  with  evaluating  the  load-carrying  ability  of  existing  pave- 
ments, is  being  obtained  from  the  analysis  of  the  strains  in  the  pavement  under 
various  loads  and  of  the  strains  induced  by  warping  of  the  slabs  due  to  tempera- 
ture differentials  between  the  top  and  bottom  of  the  concrete. 

To  obtain  complete  answers  to  the  many  questions  involved  in  the  interrelation 
between  loads,  pavements,  and  subgrades,  additional  test  projects  under  other 
conditions  Avill  be  necessary.  It  is  planned  to  undertake  such  projects  on  both 
bituminous  and  portland-cement  concrete  pavements  under  other  typical 
conditions. 

Physical  Research 

In  the  determination  of  the  suitability  of  a  material  for  use  in  road  construc- 
tion, its  quality  can  be  appraised  best  by  considering  its  service  record.  Often 
it  is  not  feasible  to  determine  the  behavior  of  materials  in  service  and  the  labora- 
tory is  charged  with  the  development  of  methods  of  test  which  will  quickly 
indicate  their  quality.  Changes  in  the  type  and  intensity  of  traffic  as  well  as 
changes  in  the  materials  used  necessitate  frequent  readjustment  of  the  pro- 
cedures employed  by  the  laboratory  to  develop  information. 

The  determinations  of  the  characteristics  of  materials  which  were  considered 
adequate  at  one  time  may  become  entirely  outmoded  by  technologic  and  economic 
developments.  The  use  of  new  materials  in  construction  requires  a  constant 
surveillance  of  test  procedures  and  revision  of  the  aims  and  objectives  of  research 
investigations.  Consequently,  research  must  be  considered  as  a  continuing  in- 
vestigation with  the  scope  constantly  changing  as  construction  practices  vary 
and  as  new  materials  are  offered  for  use  or  as  new  demands  for  information 
are  presented. 

In  addition  to  research,  a  large  volume  of  routine  testing  was  conducted  in 
connection  with  Bureau  work  and  for  other  Government  agencies.  Some  of  this 
work  required  development  of  new  methods  of  tests,  and  the  results  obtained 
may  be  found  applicable  to  research  at  some  later  date. 

Activity  in  the  work  of  the  various  technical  and  specification-writing  author- 
ities and  associations  which  concern  themselves  with  highway  materials  was 
continued.  Cooperative  tests  were  made  to  assist  in  the  development  work 
necessary  to  revise  specifications  for  several  different  types  of  materials.     In 
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connection  with  tlie  wurlv  of  tlie  Connnittee  on  Materials  of  ilic  American  As- 
sociation of  State  Highway  Officials,  a  study  of  tlie  reliability  of  certain  methods 
of  testing  materials  was  continued  and  the  results  reported.  It  is  expected  that 
the  findings  of  this  study  will  be  instrumental  in  the  attainment  of  more 
uniform  results  among  diffei-ent  laboratories  engaged  in  testing  highway  ma- 
terials. 

Soil  studies 

Marked  progress  has  been  made  in  studying  the  natuic  and  properties  of 
soil  clays,  and  their  suitability  for  use  as  subgrade  materials  for  highways. 
This  work  is  based  on  the  knowledge  that  the  quantity  and  quality  of  clay 
in  soils  are  of  prime  importance  in  the  design,  construction,  and  maintenance  of 
highways  and  associated  structures.  The  active  constituents  of  soil  clays  are 
minerals  composed  of  hydrous  aluminum  silicates  and  known  as  the  basic  clay 
minerals.  AVork  has  been  started  on  identification  and  quantitative  estimation 
of  the  clay  minerals,  using  the  electron  microscope,  the  X-ray  diffraction  method, 
and  differential  thermal  analysis  techniques. 

An  exploratory  study  using  the  electron  microscope  for  the  examination  of 
soil  clays  has  been  completed  and  a  report  of  the  findings  is  being  prepared. 
A  recording  type  X-ray  diffraction  apparatus  containing  a  Geiger  counter  has 
been  purchased  and  is  being  assembled  for  use  in  these  studies.  Specifications 
for  a  differential  thermal  analysis  apparatus  have  been  completed  and  the 
equipment  ordered.  The  X-ray  and  thermal  techniques  are  a  part  of  the  over- 
all program  of  research  on  the  physical  and  chemical  properties  of  the  soil-clay 
constituents. 

The  laboratory  study  of  chemical  deflocculating  agents  in  the  hydrometer 
analyses  of  soils  has  been  completed. 

Studies  of  the  permeability  and  drainage  properties  of  sands  and  soil-aggre- 
gate mixtures  have  been  finished.  This  work  included  the  development  of 
several  types  of  apparatus  for  measuring  permeability,  the  determination  of 
the  permeability  of  a  number  of  soil-aggregate  mixtures  in  which  the  character 
and  quantity  of  the  fraction  passing  the  No.  200  mesh  sieve  were  varied,  and 
the  measurement  of  the  time  required  for  the  maximum  drainage  of  these  mate- 
rials under  laboratory  conditions. 

A  report  has  been  completed  which  shows  close  agreement  between  observed 
and  computed  settlements  of  abutments  of  three  bridges  and  one  embankment 
along  the  Potomac  River  near  Washington,  D.  C.  The  computed  settlements 
were  based  on  results  of  consolidation  tests  on  undisturbed  samples  taken  from 
borings  at  the  various  sites.  The  study  demonstrates  the  possibility  of  making 
a  reasonably  accurate  estimate  of  the  settlement  of  a  bridge  pier  or  embank- 
ment from  test  data  obtained  on  undisturbed  samples  taken  from  the  foundation 
soils  prior  to  construction. 

A  laboratory  investigation  of  the  use  of  electrical  cells  consisting  of  stainless- 
steel  resistance  elements  enclosed  in  nylon  or  fiber  glass  for  the  measurement  of 
the  moisture  content  of  soils  in  subgrades  and  embankments  is  nearing  comple- 
tion. The  electrical  resistance  of  the  unit  changes  with  variation  of  the  moisture 
content  of  the  soil.  A  calibration  curve  over  a  range  of  moisture  must  be 
obtained  for  each  soil,  and  in  the  past  a  satisfactory  method  of  calibrating  the 
cells  has  not  been  available.  Such  a  method  has  been  devised  and  is  being 
used  successfully  in  measurement  of  moisture  in  the  subgrade  of  the  Hybla 
Valley  test  track. 

In  an  effort  to  develop  further  usage  of  local  materials  in  the  construction 
of  secondary  roads,  a  laboratory  investigation  of  typical  shales  from  West 
Virginia  has  been  completed.     Freezing  and  thawing,  wetting  and  drying,  plas- 
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ticity,  and  volume-change  tests  have  been  made  and  an  effort  will  be  made  to 
correlate  the  results  with  road  performance. 

Field  observations  of  the  cooperative  experimental  concrete  pavement  in 
Indiana,  designed  to  study  pumping,  have  been  continued.  Construction,  test, 
and  traffic  data  are  being  analyzed. 

In  cooperation  with  the  Ohio  Department  of  Highways,  a  location  has  been 
selected,  plans  and  specifications  prepared,  and  a  contract  awarded  for  an 
experimental  concrete  pavement  designed  to  test  various  methods  of  preventing 
mud  pumping  at  joints  and  cracks.  The  subgrade  is  a  silty  clay  susceptible  to 
pumping.  Sections  of  concrete  pavement  will  be  placed  directly  on  the  natural 
soil  and  on  subbases  3,  5,  and  8  inches  thick.  The  subbases  will  be  composed  of 
both  pervious  and  relatively  impervious  materials  and  soil-cement  mixtures. 
In  addition  to  observations  of  pumping,  periodic  determinations  will  be  made  of 
moisture  contents  and  densities  of  the  subgrade  soils  and  base  courses. 

Progress  has  been  made  in  developing  methods  suitable  for  the  preparation  of 
engineering  soil  and  drainage  maps  on  an  area  basis.  In  cooperation  with  the 
Maine,  New  Jersey,  and  Virginia  State  highway  departments,  research  on 
mapping  projects  has  been  continued.  In  Maine,  the  preliminary  engineering 
soil  and  drainage  mapping  of  the  second  trial  area  of  1,000  square  miles  has 
been  completed  and  work  has  been  started  on  a  third  area  of  approximately 
400  square  miles.  Two  reports  on  the  New  Jersey  soils  survey  have  been  pub- 
lished. One  is  a  general  engineering  soils  bulletin  for  the  entire  State.  The 
other  is  an  engineering  soil  report  and  map  for  Essex  County.  Preliminary 
engineering  soil  reports  and  maps  have  been  completed  for  five  other  counties, 
and  mapping  and  testing  of  soils  have  been  started  in  another  four  counties. 
These  reports  and  maps  describe  methods  developed  for  the  interpretation  of 
aerial  photographs  and  show  the  distribution  of  soils  likely  to  require  similar 
treatment  from  an  engineering  standpoint. 

A  research  project  on  the  preparation  of  an  engineering  soil  and  drainage 
strip  map  for  a  portion  of  the  Natchez  Trace  Parkway  in  Alabama  was  com- 
pleted. A  report  soon  to  be  published  describes  the  methods  developed  and 
used  in  making  the  maps. 

Bituminous  materials  and  mixtures 

The  study  of  bituminovis  materials  and  their  uses  is  an  important  feature  in 
the  design  of  pavements  wliich  will  be  capable  of  withstanding  the  ever-increas- 
ing demands  of  traffic. 

This  work  includes  (1)  continuous  study  of  bituminous  materials  to  correlate 
known  test  properties  with  service  behavior,  (2)  determination  of  the  prop- 
erties, merits,  and  limitations  of  new  materials,  (3)  study  of  the  properties  of 
aggregates  that  affect  their  behavior  in  service,  (4)  design  of  combinations  of 
materials  that  will  be  satisfactory  for  different  service  conditions  and  will 
utilize  local  aggregates  to  the  greatest  possible  extent,  and  (5)  improvement  in 
and  development  of  new  methods  of  tests  to  provide  a  basis  for  the  acceptance 
of  satisfactory  materials  and  combinations  thereof  and  for  the  rejection  of 
those  that  are  unsuitable.  A  variety  of  field  and  laboratory  studies  have  been 
and  are  being  carried  on,  of  which  the  following  current  investigations  are 
typical. 

During  the  past  year  some  unsatisfactory  results  were  obtained  with  tar 
prime  application  on  base  courses  in  several  of  the  southern  States,  although 
the  materials  met  all  existing  specification  requirements.  The  exceptionally 
slow  curing  of  these  materials  and  the  tendency  for  the  light  tar  fraction  to 
separate  from  the  heavier  portion  before  complete  penetration  into  the  base 
caused  delay  in  construction  in  some  instances  and  in  other  instances  resulted 
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in  unsatisfactory  const  nicl  ion.  'J'o  i)rcvciil  use  nf  nialciials  liavin;^  tlicsc  oh- 
jectionable  characteristics  a  niinihi'r  (if  new  I<'s1s,  as  well  as  tlic  na  nowiiig 
of  siiecification  limits,  were  tried.  IL  was  foiind  that,  a  reduction  oJ'  liie  iiiaxi- 
niuni  limit  in  the  sulfonation  requirement  eliminated  tars  containing  very  liij^ii 
percentafi;es  of  parattinic  and  naphthenic  liydrocarhons  wliicli  wci-c  found  to  lie 
the  cause  of  the  unsatisfactory  behavior.  Api)roval  nf  iliis  cliaii^;.-  in  -imcj- 
lications  was  recommended. 

Interest  in  tlie  use  of  rulilier  in  liilumiiious  const rud  ion  is  increasimi  and  a 
nunii)er  of  experimental  pavement  sections  containing  I'nblter  have  been  built. 
In  addition  to  those  previously  constructed  in  Virginia,  Ohio,  and  Texas,  a 
number  of  sections  were  built  during  the  late  summer  and  fall  of  l'.>50  in 
Massachusetts.  The  construction  of  these  latter  sections  was  observed  by  repre- 
sentatives of  the  Bureau.  A  number  of  natural  and  synthetic  rubbers  were 
used.  Conclusions  are  not  yet  warranted  on  the  skid-resistant  properties  or 
lower  maintenance  costs  of  pavements  containing  rubber,  which  are  the  chief 
benefits  claimed,  nor  has  the  effect  of  different  rubbei's  on  the  properties  of 
asphalts  been  established. 

Laboratory  investigation  of  rubber-asphalt  blends  shows  that  the  effects  of 
different  rubbers  on  the  characteristics  of  a  given  asphalt,  or  of  a  given  rubber 
on  different  asphalts,  vary  widely.  The  information  presently  being  developed 
should  prove  of  value  in  determining  whether  the  character  of  the  paveujent 
will  be  improved  by  the  alteration  of  properties  of  the  a.sphalt  through  the 
addition  of  rubber. 

Studies  to  determine  the  benefits  of  chemical  additives  in  improving  the 
adhesion  of  asphaltic  materials  to  aggregates  in  the  presence  of  moisture  laave 
been  continued.  Laboratory  tests  indicate  that  the  effectiveness  of  the  additive 
varies  with  asphalts  from  different  sources  but  is  not  affected  by  different  con- 
sistencies of  a  given  asphalt.  The  necessity  for  the  use  of  additives  with  asphalt 
cements  in  hot  bituminous  mixtures  has  not  been  established  and  is  still  under 
investigation.  New  additives  produced  in  Europe,  for  marketing  there  and  in 
this  country,  appear  by  laboratory  test  to  be  similar  in  behavior  to  those  of 
domestic  production. 

Cooperative  studies  of  bituminous  concrete  in  Virginia  and  Maryland  are 
being  continued,  and  one  in  Delaware  was  recently  begun.  In  addition,  a  com- 
prehensive study  of  materials  and  types  of  bituminous  concrete  construction 
in  the  Rocky  Mountain  area  is  being  planned.  Bituminous  concrete  will  be  used 
to  replace  the  road-mix  type  of  surface  which  is  not  considered  adequate  for 
present  trafhc.  Studies  of  special  local  materials  proposed  for  use  in  bituminous 
mixtures  continue.  One  such  study  is  that  of  Guatemala  sand  for  use  on  the 
Inter-American  Highway. 

Examination  of  current  test  methods  and  the  search  for  methods  more  prac- 
tical in  operation  or  application  are  being  continued.  The  immersion-compres- 
sion test,  now  being  used  by  several  State  highway  departments,  has  been 
accepted  as  a  standard  by  the  American  Society  for  Testing  Materials  for  deter- 
mining the  detrimental  effect  of  water  on  compacted  bituminous  mixtures. 
The  triaxial  compression  test,  which  is  gaining  favor  as  a  research  tool  for 
evaluating  the  stability  of  granular  and  granular-plastic  materials,  is  being 
applied  to  the  study  of  bituminous  mixtures.  By  test  of  cores  taken  from 
bituminous  pavements  as  well  as  molded  specimens,  it  is  hoped  that  a  correlation 
between  the  results  obtained  with  the  triaxial  compression  test  and  field 
behavior  will  be  obtained. 

Other  examples  of  the  application  of  new  equipment  or  a  new  approach  to 
developing  information  are  the  use  of  a  flame  photometer  for  determining  sodium 
and  potassium  in  soils  and  other  siliceous  materials,  the  development  of  an 
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improved  method  of  test  for  free  lime  in  cement,  and  a  metliod  of  analyzing 
air-entraining  admixtures  used  in  portland  cement  concrete. 

Cement,  aggregates,  and  concrete 

Research  on  portland  cement  was  confined  largely  to  investigation  of  methods 
of  test  and  to  continuation  of  studies  of  cement  begun  a  number  of  years  ago. 

A  number  of  methods  for  testing  cement  are  unsatisfactory  but  a  compre- 
hensive investigation  of  these  methods  apparently  has  been  considered  beyond 
the  scope  of  a  single  laboratory  due  to  the  great  amount  of  work  involved. 
Under  the  auspices  of  Committee  C-1  of  the  American  Society  for  Testing 
Materials,  two  cooperative  investigations  were  started  to  study  the  develop- 
ment or  improvement  of  methods  of  testing  cement.  In  the  first  study,  tests 
were  made  to  evaluate  the  adequacy  of  a  proposed  method  for  determining  the 
resistance  of  cement  to  sulfate  action.  The  results  obtained  have  been  reported 
to  the  committee  and  the  development  of  a  standardized  method  of  test  for 
sulfate-resistant  cement  is  expected. 

For  a  number  of  years  air-entraining  portland  cements  have  been  tested  for 
acceptance  by  using  a  test  of  mortar  to  determine  the  amount  of  entrained  air. 
This  method  has  not  given  consistently  uniform  results  and  a  cooperative  investi- 
gation was  started  to  determine  whether  and  how  the  test  procedure  could 
be  improved.  The  program  of  tests  is  one  of  the  most  detailed  and  exhaustive 
attempted  in  recent  years. 

The  great  demand  for  portland  cement  has  led  to  consideration  of  the  use  of 
additives  having  pozzolanic  properties.  Since  fly  ash  is  considered  to  be  of  this 
nature  and  is  very  readily  available,  an  investigation  of  the  use  of  fly  ash  as  a 
partial  replacement  of  portland  cement  in  concrete  for  pavements  has  been 
started.  Samples  of  fly  ash  have  been  obtained  from  a  large  number  of  sources 
and  preparations  are  being  made  for  a  series  of  tests  to  determine  the  effect 
of  the  fly  ash  on  the  strength  and  durability  of  cement  mortars.  A  companion 
investigation  of  the  effect  of  certain  of  these  fly  ashes  on  the  properties  of 
concrete  is  also  planned. 

Research  investigations  on  aggregates  w^ere  directed  principally  to  deter- 
mination of  chemical  stability.  Samples  of  aggregates  from  all  sources  lo- 
cated near  the  District  of  Columbia  were  obtained  for  alkali-aggregate  tests. 
Studies  of  concrete  in  and  near  Washington  have  shown  some  evidence  of  an 
alkali-aggregate  reaction  but,  since  this  evidence  may  readily  be  destroyed  by 
weathering,  the  question  of  a  reaction  of  local  aggregates  with  the  alkali  in 
cement  remains  in  doubt.  It  is  expected  that  these  tests  will  assist  in  determi- 
nation of  the  extent  to  which  the  alkali-aggregate  reaction  has  contributed  to 
failure  of  concrete  in  the  Washington  area. 

The  failure  at  an  early  age  of  test  specimens  prepared  with  reactive  aggre- 
gates and  high-alkali  cement  is  expected  and  is  found  in  tests.  However,  little 
knowledge  exists  of  the  behavior  of  specimens  prepared  with  reactive  aggre- 
gates and  a  low-alkali  cement.  It  is  known  that  these  specimens  may  expand 
a  small  amount  during  a  storage  period  of  a  year  or  two,  but  their  behavior  at 
greater  ages  is  not  known.  Materials  which  cause  a  slow  but  continual  ex- 
pansion may  be  more  objectionable  than  those  which  disclose  their  reactive 
nature  at  early  ages.  Studies  are  being  made  with  specimens  which  will  be 
stored  for  periods  up  to  10  years. 

Tests  of  coarse  aggregates  for  reaction  with  the  alkali  in  cement  are  cus- 
tomarily made  with  the  aggregate  reduced  to  a  sand  or  a  powder.  When  the 
aggregate  is  not  in  the  condition  in  which  it  will  be  used  in  concrete,  the  re- 
liability of  test  results  may  be  questioned.  In  a  number  of  cases  it  has  been 
found  that  mortars  prepared  with  coarse  aggregates  crushed  to  sand  size  have 
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gate  and  a  nonreactive  sand.  It  is  believed  tliat  in  the  determination  of  the 
chemical  stability  of  a  coarse  aggregate,  it  is  highly  desirable  to  base  the  ac- 
ceptance of  the  aggregate  on  the  performance  of  concrete  prepared  with  the 
material.  A  series  of  tests  to  determine  the  relative  expansion  of  mortar  and 
concrete  prepared  with  the  same  materials  is  in  progress. 

Much  of  the  researcii  on  portiand  cement  concrete  is  dire<;te(l  toward  im- 
provement of  its  durability  or  resistance  to  iiaturiil  weathering.  The  successful 
use  of  air-entrained  concrete  exposed  to  sevei'e  weathering  conditions  has  re- 
sulted in  the  merchandising  of  numerous  proprietary  admixtures  to  entrain 
air.  A  questionnaire  was  sent  to  all  known  manufacturers  of  air-entraining 
materials  requesting  samples  and  information  regarding  their  product.  Twenty- 
six  admixtures  were  received.  These  were  tested  to  determine  their  air- 
entraining  properties  and  their  effect  on  strength  and  durability.  On  the 
basis  of  laboratory  tests  and  evaluation  of  the  data  and  information  furnished 
by  the  manufacturers,  the  special  provisions  of  the  Bureau  specifications  were 
amended  to  list  20  air-entraining  admixtures  instead  of  the  3  previously  shown. 
All  these  admixtures,  as  represented  by  samples  subniitted  to  the  laboratory 
during  1950,  were  used  in  sufficient  quantity  to  entrain  air  within  the  usual 
limits  of  3  to  6  percent  and  in  no  case  was  the  resulting  compressive  or  flexural 
strength  at  28  days  less  than  90  percent  of  the  strength  of  similar  concrete 
without  the  admixture.  The  durability  of  concrete  containing  each  of  these 
admixtures,  as  measured  by  freezing  and  thawing  tests,  was  substantially  im- 
proved. These  20  proprietary  admixtures  were  given  tentative  approval  sub- 
ject to  final  approval  after  tests  at  an  age  of  1  year  have  been  completed. 

The  study  of  the  effect  of  the  use  of  oils  on  the  surface  of  hardened  concrete 
to  protect  it  from  the  destructive  effect  of  raw  flake  calcium  chloride  used  for  ice 
removal  was  continued.  This  effect  was  determined  by  observing  the  action  of 
the  salt  when  applied  repeatedly  to  thaw  films  of  ice  one-fourth  inch  thick  on 
test  specimens.  Similar  studies,  as  well  as  field  tests,  have  been  made  by  the 
New  York  State  Department  of  Public  Works.  The  tests  made  by  both  organiza- 
tions show  that  the  oils  were  somewhat  effective  in  delaying  the  action  of  the 
calcium  chloride. 

The  study  of  the  effect  of  oils  and  asphalt  emulsions  used  as  admixtures  on 
the  properties  of  concrete  was  completed.  The  properties  studied  included 
strength,  workability,  and  durability.  Asphalt-base  oil,  paraffin-base  oil,  used 
crank-case  oil,  and  asphalt  emulsions  were  used.  The  laboratory  tests  show  that 
the  effect  of  these  admixtures  is  proportional  to  the  air  entrained  in  the  concrete. 
The  use  of  asphalt-base  oil  and  paraffin-base  oil  did  not  entrain  any  additional 
air  in  the  concrete  and  these  oils  caused  little  change  of  strength  or  durability. 
Used  crank-case  oil  and  asphalt  emulsions  were  found  to  increase  the  durability 
of  the  concrete  by  increasing  the  amount  of  entrained  air. 

Field  experiments  are  being  conducted  in  Kansas  to  determine  whether  the 
type  of  cement  and  method  of  curing  concrete  which  were  used  2o  or  more 
years  ago  would  furnish  a  more  durable  pavement  than  the  modern  type  of 
cement  and  curing  method.  To  obtain  additional  information,  a  series  of  tests 
was  made  in  the  laboratory  to  determine  the  relative  efficiency  of  the  formerly 
used  method  of  water  curing  for  10  days  and  the  modern  method  involving  the 
use  of  a  membrane  formed  by  nonbituuiinous  liquid  compounds.  The  tests  have 
been  completed.  The  results  show  that  for  plain  concrete  the  wet  method  of 
curing  furnished  the  most  durable  concrete  and  that  the  concrete  cured  with 
membranes  was  superior  to  concrete  which  received  no  curing  treatment.  "When 
air-entrained  concrete  was  tested,  however,  little  difference  was  found  among 
the  specimens  subjected  to  the  three  curing  treatments. 
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The  long-time  study  of  cement  performance  in  concrete,  described  in  detail  in 
I)revious  annual  reports,  has  been  continued.  Periodic  inspections  of  the  con- 
dition of  the  concrete  test  specimens  exposed  to  weathering  at  the  laboratory 
exposure  plot,  as  well  as  inspections  of  full-size  experimental  installations  in  the 
field,  have  been  made.  A  summary  of  the  observations  on  the  New  York  test 
road  served  as  a  basis  for  a  paper  published  in  a  society  journal.  It  was  shown 
that,  7%  years  after  the  test  pavement  was  completed,  the  effects  of  air  entrain- 
ment  in  improving  resistance  to  scaling  and  weathering  overshadow  all  other 
variables.  Except  for  this,  there  were  no  significant  differences  in  performance 
between  individual  cements  or  between  types  of  cement. 

Structural  design  of  nonrigid  pavements 

A  concerted  effort  is  being  made  to  improve  methods  for  the  structural  design 
of  pavements.  This  is  particularly  evident  in  the  practice  for  nonrigid  or  flex- 
ible pavements.  About  half  of  the  State  liighway  departments  have  adopted 
some  systematic  procedure  for  determining  the  required  thickness  for  given 
conditions  of  load,  traffic  density,  subgrade  condition,  climate,  etc.,  in  sharp 
contrast  to  the  situation  a  few  years  ago  when  thickness  determination  was  left 
to  the  judgment  of  the  engineer.  The  Bureau  has  been  active  in  the  effort  to  de- 
velop more  rational  bases  for  design.  Through  participation  in  cooperative  ex- 
perimental work  and  through  technical  committee  activities  it  has  sought  to 
encourage  and  assist  in  this  development. 

Mention  has  been  made  in  previous  reports  of  a  cooperative  investigation  deal- 
ing Avith  the  structural  design  of  nonrigid  pavement  in  which  the  Highway  Re- 
search Board  and  the  Asphalt  Institute  are  participating,  the  experimental  work 
being  centered  at  Hybla  Valley,  Va.  One  of  the  principal  objectives  of  this  in- 
vestigation is  the  development  of  fundamental  data  on  the  load-carrying  capacity 
of  pavement  sections  of  various  thicknesses.  This  is  being  accomplished  by 
tests  with  both  static  and  moving  loads. 

The  program  of  static  load  tests  as  originally  scheduled  has  been  completed, 
and  the  moving  load  tests  are  now  in  progress.  The  results  of  the  static  tests 
indicate  that  the  elastic  action  of  a  flexible  pavement  and  its  supporting  subgrade 
may  serve  as  an  acceptable  criterion  of  the  traffic  loads  which  it  will  safely 
carry.  If  this  indication  is  substantiated  by  the  results  of  the  moving  load  tests, 
considerable  progress  will  have  been  made  toward  a  rational  solution  to  the 
problem  of  structural  design  of  flexible  pavements. 

Structural  design  of  rigid  pavements 

Observations  on  the  six  experimental  joint-spacing  projects  in  California, 
Kentucky,  Michigan,  Minnesota,  Missouri,  and  Oregon  were  continued.  These 
pavements  were  constructed  cooperatively  in  1940-41  and  were  designed  pri- 
marily to  develop  information  on  the  expansion  space  requirements  in  plain 
concrete  pavements  with  closely  spaced  transverse  joints.  The  information  ob- 
tained from  the  systematic  observation  of  these  pavements  has  led  to  a  modifica- 
tion of  design  practice.  At  the  last  annual  meeting  of  the  Highway  Research 
Board  a  report  of  the  10-year  performance  of  three  of  these  pavements  was 
presented.  The  reports  covered  pavements  constructed  in  1940  in  Kentucky, 
Michigan,  and  Minnesota.  It  is  expected  that  a  similar  10-year  report  will  be 
presented  for  each  of  the  remaining  three  projects  at  the  next  annual  meeting 
of  the  Board. 

Study  of  the  effects  on  performance  of  various  amounts  of  longitudinal  steel 
in  concrete  pavements  was  continued.  This  is  a  joint  study  of  the  Indiana 
State  Highway  Commission  and  the  Bureau.     A  10-year  report  was  presented 
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at  tlie  11J4!)  meeting  of  the  Iligliwiiy  Itesc-itfli  I'ojird.  ()l)S('rviiti()iis  oC  ;i  limited 
nature  are  still  being  made  on  tiiis  pavement. 

It  has  been  observed  in  tield  studies  tliat  tlie  fre(|uenc.v  of  transverse  eraei<ing 
in  concrete  pavements  varies  in  some  instances  witli  I  lie  tvpr  or  source  of  tlu; 
coarse  aggregate  used  in  the  concrete.  Certain  pi'eliminary  studies  made  by 
the  P>ureau  have  indicated  that  this  might  be  inlluenced  by  dilTereiices  in  the 
tliei'mal  expansion  of  the  concretes  containing  the.se  different  materials.  In 
order  to  obtain  more  positive  evident^e  on  this  subject,  selected  coarse  aggregates 
were  obtained  from  several  States  for  use  in  preparing  specimens  suitable  for 
a  study  of  thermal  expansion  characteristics.  These  specimens  were  being  made 
at  the  end  of  the  year  and  it  is  hoped  that  the  study  will  help  to  clarify  a  phenom- 
enon  that   is,   at  present,   obscure. 

Lal)oratory  study  of  the  structural  design  of  joints  in  concrete  pavements  was 
continued.  For  this  study  a  special  machine  was  developed  which  applies  re- 
peated loads  to  the  joint  in  a  systematic  manner.  Imjxtrtant  information  was 
obtained  from  these  tests  and  an  expansion  of  the  program  is  contemplated. 

Bridges 

The  study  of  the  self-damping  characteristics  of  structural  members  in  sus- 
pension bridges,  undertaken  for  the  Advisory  Board  on  the  Investigation  of 
Suspension  Bridges  and  mentioned  in  previous  reports,  was  virtually  concluded 
with  the  publication,  by  the  American  Society  of  Civil  Engineers,  of  a  paper  by  a 
Bureau  engineer  which  reported  the  more  important  aspects  of  the  investigation 
and  its  principal  findings.  A  paper  containing  a  more  detailed  account  of  the 
experimental  work  is  planned. 

Preparation  was  made  for  a  study  of  the  structural  action  of  highway  bridges 
under  moving  loads.  The  equipment  for  this  investigation  was  tested  and  installed 
in  a  trailer  laboratory  for  field  use.  In  anticipation  of  this  field  study  a  limited 
series  of  exposure  tests  was  made  to  determine  the  relative  efficacy  of  a  number 
of  waterproofing  compounds  when  used  as  protective  coatings  on  resistance  strain 
gages  mounted  on  steel.  A  short  report  on  the  results  of  this  study  has  been 
prepared. 

Other  physical  research 

The  Bureau  has  studied  means  for  evaluating  the  roughness  of  road  surfaces 
over  a  period  of  many  years.  A  wide  variety  of  instruments  and  methods  have 
been  studied.  A  piece  of  apparatus  in  the  form  of  a  single-wheel  trailer  wa« 
developed  and  described  some  10  years  ago.  The  equipment  has  been  duplicated 
by  a  number  of  State  highway  departments  and  by  several  foreign  governmental 
agencies.  This  equipment  gives  data  that  are  expressed  numerically  as  a  rough- 
ness index  for  a  given  pavement.  For  certain  specialized  studies  there  has  been 
some  demand  for  a  graphic  record  rather  than  a  numerical  value.  During  the 
year  a  simple  but  apparently  satisfactory  means  for  producing  such  a  record 
was  developed.  It  utilizes  strain  measuring  and  recording  equipment  com- 
mercially available  and  does  not  in  any  way  interfere  with  the  normal  operation 
of  the  roughness  indicator. 

The  Bureau  has  pioneered  in  the  application  of  geophysical  methods  of  sub- 
surface exploration  to  civil  engineering  problems,  particularly  to  those  confront- 
ing the  highway  engineer.  This  work  is  attracting  the  attention  of  a  constantly 
growing  field  of  engineers  and  administrators  and  is  being  used  by  an  increasing 
number  of  agencies  and  individuals.  By  means  of  field  demonstrations,  technical 
papers,  and  similar  means,  the  Bureau  has  sought  to  acquaint  the  engineering 
profession   with    the   technical   and   economic   possibilities    of    this   method    of 
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obtaining  information  regarding  subsurface  conditions.  Tliis  effort  has  met  with 
much  success. 

During  the  past  year  the  earth-resistivity  method  was  used  to  obtain  design 
data  on  grading  projects  in  Maryland,  New  Jersey,  and  Pennsylvania.  Demon- 
stration tests  were  made  in  Connecticut,  New  Jersey,  Pennsylvania,  and  Virginia. 
As  a  result  of  these  and  earlier  demonstrations,  several  additional  State  highway 
departments  are  equipping  themselves  for  this  type  of  exploration  work. 

This  activity  is  always  of  great  interest  to  engineers  from  foreign  countries 
because  the  methods  offer  means  for  developing  information  regarding  under- 
ground formations  of  engineering  significance,  quickly  and  at  relatively  small 
expense. 
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'liable   2. — I'rnjects   uiidvr  tituslriiclioii   or   plans  appr«tved  on   Jiiiw  .'i(K    1951, 
by  class  «/  hifihway  and  hy  fund 


Total  co.sl, 


F('<li'ral 
funds 


Miles 


Kuilwiiy-liinhway  cros.siiij; 
iiMprovcrncnt.s 


Cro.ss- 
inRs 
elimi- 
nated 


Struc- 

tu^(^s 

rcooii- 

struct(!d 


Cros.sitiKS 
protected 


Bv  Class  of  Highway 


Primary 

.'t;592,  565,  857 
.SOS,  040,  515 
639,  120,  707 

$303, 108,  605 
1,57,969,006 
313,255,884 

7,  980.  9 
12,392.0 
1, 150. 1 

93 
23 
133 

20 

7 

20 

85 
196 

Urban 

51 

Subtotal 

1,  536,  727, 079 
48, 833,  338 

774, 333, 495 
41,330,112 

21,523.0 
1, 047.  9 

249 

.      47 

332 

Total               

1,685,560,417 

815,  663,  607 

22,  570.  9 

249 

47 

332 

By  Fxtnd 


Federal-aid: 

Primary 

Secondary 

Urban 

Prewar  Federal-aid: 
Primary 

$661,278,005 
299,100,394 
532,  687,  944 

6,914,005 
3,901,325 
11,619,062 
5,  266,  764 

711,  525 
15,  248, 055 

.$334,547,315 
151,674,074 
259,  517,  519 

3,  380,  583 
2, 072, 958 
8.  535, 117 
5, 004,  767 

711,  525 

8,  889,  637 

8,  569.  7 

12,  220.  6 

469.4 

15.0 
55.0 
29.2 
157.6 

102 
21 
110 

23 
8 
11 

99 

183 

14 

Secondary 

Grade  crossing 

Access  roads.  Act  of  1950 

13 
1 

2 

5 

36 

Emergency  highway  and  grade 

6.5 

Subtotal 

1,536,727,079 

774,  333, 495 

21,52.3.0 

249 

47 

332 

22, 002, 084 

15,241,329 

1,010,563 

10,  579,  362 

20, 183,  282 

15,241,329 

925,  709 

4, 979,  792 

563.6 
280.6 
46.4 
157.3 

Public  lands 

Emergency  flood  relief 

48,  833, 338 

41,  330, 112 

1,  047.  9 

Total 

1.585,560,417 

815,66:3,607 

22,  570.  9 

249 

47 

332 

I  Forest,  park,  public  lands,  and  emergency  flood-relief  projects. 

•  Includes  construction  projects  only. 

3  Construction  supervised  by  Bureau  of  Public  Roads. 
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Table   3. — Apportionment   of  Federal-aid   highway  funds   authorized  for   the 
fiscal  year  ended  June  30,  1952 


State  or  Territory 


Alabama. - 
Arizona--- 
Arkansas-- 
California. 


Colorado 

Connecticut. 

Delaware 

Florida 


Georgia. 
Idaho... 
Illinois.. 
Indiana. 


Iowa 

Kansas 

Kentucky. 
Louisiana. 


Maine 

Maryland 

Massachusetts. 
Michigan 


Minnesota - 
Mississippi. 
Missouri... 
Montana... 


Nebraska 

Nevada 

New  Hampshire. 
New  Jersey 


New  Mexico 

New  York 

North  Carolina- 
North  Dakota.. 


Ohio 

Oklahoma 

Oregon 

Pennsylvania.. 

Rhode  Island.. 
South  Carolina. 
South  Dakota.. 
Tennessee 


Texas 

Utah 

Vermont. 
Virginia.. 


Washington... 
West  Virginia. 

Wisconsin 

Wyoming 


Federal-aid 

highway 

system 

($225,000,000) 


District  of  Columbia- 
Hawaii 

Puerto  Rico 


$4,710,014 

3,  308, 306 
3, 703, 775 

10,244,021 

4,011,724 
1,416,259 
1,091,250 
3, 547, 205 

5,  535,  806 
2, 758,  529 
8,  573, 480 
5, 294,  550 

5, 397, 723 
5, 442, 479 
4, 088, 464 
3,431,721 

1 ,  887,  806 
1,957,670 
2,814,013 
6, 929,  559 

.5,871,753 
3, 978, 959 
6,443,162 

4,  513, 057 

4,327,171 
2, 885, 661 
1,091,250 

2,  882. 902 

3, 646,  852 
10, 494, 473 
5, 473,  679 
3, 250,  522 

7,  768, 639 
4,  787,  712 
3,838,173 
8, 735, 974 

1,091,250 
3,015,703 
3, 448, 903 
4,  765, 308 

14, 393,  485 
2,  568, 068 
1,091,250 
4, 229, 828 

3,701,693 
2, 424, 837 
5,283,151 
2,  774,  425 

1,091,250 
1,091,250 
1.145,306 


Secondary  or 
feeder  roads 
($150,000,000) 


$3,  654, 018 
2,  253, 123 
2.964,576 
5,  276,  855 

2,  679,  292 
727,  500 
727,  500 

2, 317,  735 

4,224,971 
1,939,559 
4,  667,  413 

3,  648,  852 

3, 948, 357 

3,  808, 608 
3, 396, 604 
2, 485. 811 

1.349,802 
1,196,436 
1, 040, 491 

4,  228,  806 

4, 140.  664 
3,314,442 
4, 359,  401 
3. 103, 224 

3,  068, 485 
1.928,291 

727,  500 
971, 058 

2,  504, 443 

4,  211, 634 
4, 683,  684 
2, 358,  755 

4,  725,  223 
3, 426, 696 

2,  681, 041 
5, 197,  788 

727, 500 
2, 493.  923 
2.464.357 
3.720.575 

9,  636,  793 

1, 698, 694 

727,  500 

3,287.110 

2, 472,  536 
2,111,534 

3,  684,  961 
1,  880, 040 

727,  500 

727,  500 

1.  200,  839 


Urban 

highways 

($125,000,000) 


$1,  598, 395 
474,  550 
682,  502 

10,845,211 

1,013,977 

2, 362,  840 

250,  213 

2,187,694 

1,  778, 042 
234, 803 

8.  532,  279 

2,  918.  798 

1,448,416 
1, 146,  703 
1. 266, 983 
1,788,426 

509,  899 
2, 070,  ei9 
5, 078, 072 
5, 678, 338 

1. 986, 689 

675, 476 

3, 004, 629 

287,  288 

715,  558 

92,  917 

353, 897 

5, 340,  749 

400, 399 

16.307,470 

1,  567,  757 

206, 299 

7, 060, 146 

1, 332, 927 

978, 287 

9, 236, 247 

872, 163 

839,  253 

236,  967 

1,  764, 242 

5,  844, 803 
516, 966 
189, 966 

1, 902,  516 

1,  840, 890 
794,  020 

2, 389. 089 
132,  656 

410,  261 
1,054,005 
1.  048.  708 
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Table  4. — Status  of  plan  preparation  for  future  construction  of  Federal-aid 
and  State  highways,  and  highways  in  National  forests  and  other  Federal 
areas,  as  of  April  1,  1951 


State  or  Territory 


Alabama 

Arizona... 

A  rkansas 

California 

Colorado 

Connecticut 

Delaware 

Florida 

Georgia. 

Idaho 

Illinois 

Indiana.. 

Iowa. 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire 

New  Jersey 

New  Mexico 

New  York 

North  Carolina 

North  Dakota 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

Rhode  Island 

South  Carolina 

South  Dakota 

Tennessee 

Texas. 

Utah... 

Vermont 

Virginia 

"Washington 

West  Virginia 

Wisconsin 

Wyoming 

Alaska 

District  of  Columbia 

Hawaii 

Puerto  Rico 

Total 


Plans  under  way 


Construction 
cost 


1,000  dollars 

Zi,  205 

16,649 

24,268 

490, 128 

23,312 

47,  776 
12,500 
15,000 

62,619 

27,  050 

100,  607 

132, 047 

48,000 
19,096 
13,000 
20,  222 

17,886 

17, 042 

140, 179 

71,500 

35, 863 
21,794 
27, 851 
17, 951 

24,  595 

12,456 

8,573 

270, 350 

22,  449 

380, 000 

55,316 

6.754 

140,  747 
26,  734 
14,  346 

331,392 

11,069 
24,000 
14,  620 
36, 129 

95,  705 

26, 156 

7,700 

50,708 

194, 140 

5,701 

20,315 

37,  742 

6,204 
14,  937 
10,  525 
11,422 


3,  286.  330 


Miles 


630 

277 

657 

2,038 

972 

185 

96 

400 

2,970 
642 

1,  122 
964 

1,850 

1,336 

2,000 

263 

102 

65 

244 

650 

1,411 
566 
417 
532 

793 

452 

71 

302 

516 

1,090 

854 

277 

765 

443 

243 

1,154 

56 
500 
741 
579 

3,548 

559 

91 

926 

1,593 

41 

575 

1.070 

32 

8 
56 
55 


Plans  compU'tt 


Construction 
cost 


1,000  dollars 

5,800 

1,300 

12,658 

79,919 

2, 365 
572 
935 

4,000 

24,  757 
12,665 
42,  824 

18,  947 

9,000 
7,778 
11,000 

22,  786 

5,231 

23,  743 
29,  370 
33,000 

19,  622 
2,935 

15,  760 
5,416 

4,754 
4,077 
1,437 

50,  457 

5,800 

200, 000 

9.384 

5,294 

4,  .■)95 

5,120 

7,707 

1.34,  244 

2,436 
4,000 
9,530 
7,092 

12,  871 
4,046 
2,  135 

22, 809 

2,188 

4,515 

1.5, 175 

1,644 

450 

13,  782 
5,811 
5,206 


938,  942 


Miles 


152 

27 

311 

842 

161 
2 

10 
100 

,334 
200 
724 
151 

450 

385 

1,500 

329 

64 

62 

27 

300 


4.30 
128 

157 

217 

13 


77 
410 
292 
223 

105 

127 

198 

1,095 

5 
150 
794 
146 

902 
146 
25 
514 


413 
31 

5 

15 
12 
38 


14,  205 


Tr,t;,| 


Construction 
cost 


/  ,000  doUnrs 

29,  005 

17,949 

36,  926 

570, 047 

25,  677 
48,  348 
13,435 
19,000 

87,  376 
39,715 
143.431 
150,994 

57, 000 

26,  874 
24,  000 
43, 008 

2.3,117 
40,  785 
169,  549 
104,  500 

55,  485 
24,  729 
43,611 
23,  367 

29,  349 
16,  533 
10,  010 

320,  807 

28.  249 

580,  000 

64,  700 

12,048 

145,342 
31.8.54 
22, 053 

465.  636 

13,505 
28.000 
24,150 
43,  221 

108.  576 

30.  202 
9.835 

7.3.517 

196. 328 
10,  216 
35,490 
39.  386 

6,654 
28,719 
16,  336 
16,628 


4,  225.  272 


Miles 


7h2 

304 

9fl8 

2,880 

1,133 
187 
106 
.%0 

3,  304 
842 

1.846 
1,115 

2,  300 

1,721 

3,500 

592 

166 
127 
271 
950 

2,  535 
655 
847 
660 

950 

669 

84 

390 

593 
1,500 
1.146 

500 

870 

570 

441 

2,249 

61 

650 

1,  535 

725 

4.  450 
705 
116 

1,  440 

1,  630 
109 
988 

1.101 

37 
23 
68 
93 


51,984 


57 


I^  00  Oi  C^ 

•  o  as 
_:i  lo  o 

»0  C^  Tp  CO 


^^  CO         1— I  c 


r-  o  lo  o      O"-! ' 


00  O  CO  Tt< 

lO  »4  o  c " 


— <  rM  C^  QO        as  CO  <N  tP  00  CO  m        G005»OI>-        to  OS  c^  c^        »o  ■rtn 


TtH        coco  ^CC        O  '^ 


lO-rJi  IX>  CO  CO  T 


lO  o 

1  P-i'  CO  00 

J  TfH   lO  O 

CO  CO  o  t-- 


CO  05  Ol  o 


CO  Ol  (N  O 
-rt^  CO  CO  o 


^(^^Ol      oi-+'aico      ooi— i 


CO  00 

_  .    -         TtH   1— 1 


CO  OS  lO  lO        CO  >— (  CO 


00 1:0  c 

'-  .-(  C  .  - 
C^  CO  o 


C5  O  000- 


»OC^         '-HOO'^OOi         OlO-^fM         OOCOCOCO         r^COOr 


cocor^co      c-icooico      05c':)co^^tl      ococ^j-^      ,_,cooo-— 1      oot^ooio 

Cr: -^  t^  OS        CD  00  w  O        ^  d  CO  00        (M  C^  O  r^        00  r-i  t^  OO        O  iC  t^  W 

oTic'  t>roo      cfr-T o  00      1— T-^'oi  tC      (m' o'  i-Tcd"      co""^'!— Trn"     oT-^'Tt^' 00 


■^wr-HOs  (Mco'^'o  coocOf-f  r^o-^c^  '^ocot-  oscor^Oi  oiicosr^  t^cort^oo 

C^C^rHO  r-CDCT)!--.  ^,_,cc),_(  Ol-^C^iO  1— imOCO  lOiCC^CD  OCO^CD  lOCOr-^O 

r---^oi^  CO-— lOO  r^coc^oo  c^icot^oo  osocot-  coioccoo  cd-^oo-— 1  h-oo'toc^ 

rC -H  01  Tt^*  cr  o'  o  co"  r-T Oi" o  co"  oi  cd"  ■t*-'  10  i-T co  co  t-T  o  o" oi" i-T  no  cT 00  oT  (n  .-T .-T i-T 

cDcou"'!— (  -*osoo^i  Oi-^h-Ci  ooio"^"^  r-oiO'— 1  coococo  .— iaiio»o  coooocd 

CO  CD  CO  r-^  c: -^  :0  "M  01  00  .— t  t-*  00  ■— <  CD  00  C^  lO  cD  00  cO  00 -^  Oi  00  00  C^  O  CO  co  Oi  lO 

r^'  o" c^'  o:  (>'  oT c-f  — -  oT oJ  th" rfi  ic  cd  oT o"  c^' oT -rt^'  lo"  c^T oi" .-T  cT  i->^ ■*'  co" Tt^'  "*" co  oj"  rC 

w.-Hr-tb-  ^               CM  1-1         -<*^cO  iM^.-11-i  ClCO  (N— iC^^  CN  ^OsCM— i 

Or-ico  *CO         O  iC— lOiCO  I>-CD"*CQ  uOCMiiOO  i-Ht^cDCi  l>-COOO  lOOOOt^ 

■lOCioO  'l^         Oi  *'c0»0  i-MCO'-Tf-'cO  1-i  iO  CC  iO  Tt-OC^*  *'cO06  'cD^Oi-H 


CM 


CM 


CD 


r-  O  CM   CD  f--  03  :o 

I »— '  to  o   ^'  CD  .— I  ro 
on  CM  CO   CO  CO  l>- "^ 


Ot-iOO         .-<OCOCD         >0-*050        COCOOCM         Tt^OOCMO 

T«  »C  10        r-- lO  O --H        CM  O  CO  CM        Ol  05  CM  CM        r--^  uo  o  r^        to  Tt^  CO  o 
~ 1O.-H         C0005CO         COO0iO«J0        COOOiOCO         WOO'^O 


CO  lO  t-^  -^ 


CO  C^■'  CD         cr  OS 


^  OS  — t  CM  00  01  t 


cr  CD       1-1       Tt^  .-H  T-H  CD 


■^  h-OO  o 
00  --<  -*  CD 
00  OS  CO  00 

CM'io'rt^' 


"Tt*  CD        -rf  t^  o  O        CD  »0  I 


)  ^        .-H  00  CO  c^ 


oo^r^      CO      ^co      '^POcocM. 


■rW -H  or  CO         00  CO  O  O 


coco  '<*'  '^ 


'^  r^  t^  o 
o  »o  b-  r-- 

OS  Tt^  00  ^ 


COoOOt^        00  CO  O '^         Tf  CM  CM  O 


CD  CM      o  »o  b- r--      loooosr^      '■^  cm  o  ^ 


CMr-cooo      "^1— i»oos      oocooo 


CDCOlO         T-lTt^inOi         "^fCOcDO         OOtOCMiC         CO-— iCCt^         "<*HtOCMCO         OSOOCMCD 
.—(-^00'^         rtHCOCOCO         OOOO"^         lO'^OiCO        OOCDCO'— (         OCMcO"^ 


OsCMOOr^        CMCOb-t 

TjH'aT  CD*" 


I>  r-l  I^  00 


.—1  10  CO  O   CM  CO  - 


OS  Tt^  OS  00 
OS  w  CO  CO 

r-  OS  r--  OS 


3  CO  O  coco  lO  -^ 

■i  kIcD  CO  O  -i^  ^ 

3  b-  o  OS  -^  r--  1^ 

^  rH  1— I  !>.  W  r-l 


OS  00  OS  OS 

■as  o  00s 


CO  r-<  O    OS  CO '^  00    .-H  O  ^ 
10    CM  rH  CO  CM 


COrf  t^  "<SH 

CO  I^  Oi  CD 

1— I  CO  OS  '^ 
CM    COCM 


OS  ■ 

■-H  CO  or"- 


^  CO  O 

.  3  or"-  • 

1  h-  r- <  CO 

-  .-T  '^'  »c 

■'  OS  on  -H 

OS  OS  CO  00 

)  -h'  CO'  »o" 


■1  r-  CO 
S  CO  OS 


iO"rft^00  OS.CMOCM  OOCMCM-rfi  i>.co<: 
COCMi— <CD  O't^COCO  1-t  -rt*  C<i  iO  t^cDt 
CD'-H'OCD         COC^i-H"*         ■— "OCOt^        co»oc 


c^cson-*       r-cDco'" 


t^  CO  »0  OS 


<^ 


CD  O  -^  CO 
CM         ^     OS 

T-H   000s   r-l 

cf^'w'co' 


-— I  — I  00  lO 

OCD   --H   r-H 

OS  Tt<  iCi  10 

■^'co'co'co 


ooooio      lor^ooo      oscoosh- 

O  O  CO  rt^         00  lO  ^  O        OS  *-«  CM  O 
C-1  Tt^  .-H -rt*         lO  t^  CO  CO         CO  CO  ■^  CD 


^  CO  CO  T-l  r-l 


00  -— 1 1— I  r^ 

t--  iO  CM  00 
•-I  O  00  ■-H 

CM^CM'Tf'TjT 


OoncDOS         C'l-rf-O-rW 

OS  o  10  CM       oscccrio 

t— 00  1—1  CO         lO  t— i  O  CD 


on  h-  lo  o 

oc  ^COCO 
O  to  O  CO 


1--  O  OS  10 


CM  O  flO  CO 


iOtOiOOs         "^OSCOCO 


00  CM  i-H  CO 
tP  ^  CO  tH 


CMt-iOh-        OOCCdsr 


00  CM  -^  O         -^  r-l 


.— I  -O  OS  CO 
10  -•    h-  CM 

— 'OOS  00 

'^""'co'co'" 


C?S  CM  00^ 
00  OS  OS  iO 

t--  O:  t^  O 

oTTt^'co't^' 


lOO-H 
Tt'    t^   O    t^ 

CM  00' 


_    _     .■'0.-<  0^000  .     - 

CO  to  r-.  t--        CO  00  O  Crs  COCMOCD  O  ■<*' OS  CO 

"-      —'  O  "O  O  CO  l^  OS  OS  CM         —     .. 

oTco'iVio"  cm' I-T     ^ 


OS'*^,-( 

—t  00 coo 

^  OS  10^ 

CO  lOr-Tco' 

OTt'OSCO 

■^CMCO^ 

CO '^"as'oo 


^ 


00  -rt^  OS  I-H 
O  GO  TfJ  ';« 


t^  Tt<  CMOS 


b-  i>»co  10 

"1  r^'  10  CO* 

_  J  Tt<  .-I   lO 

r-l  ,-M  -!f  CO 


COrt*.— iiO         r^OSCMb- 


■^  00  -^  CM 

^   O  '-H   lO 


lO  .— (  CD  CD 

'^oscM  r^ 

OO'*  00  "" 
CM  CO  1-1 


CM  OS  -^  to 
06  OS  CO*  O 


00  ■-S*  00  00        CO  00  T— I  <— I        Tp  CO  to  to 


r-os  o 

C^   .— <   Tf 

OOCM  ^ 

Os'co' 

CD  I>- 

t^  00  t^  rt< 

Tt**  ■^'"  co'  Oi 


■^OS        OOC-J^        OOOCCD        osr--oocD 
CMiOO         CO  ■— I  OS  O         to  O  to  00 


o  toco 
to -^  coco 
CD  CO  r-  ^ 


COC0001-1      00  r- CM  o      Tt*ocoo 

I— CD  O  00    00  OS  to  OS    OS '^  CM  1-1 
OS  tP  CO  <— t    TfH  t^  rj'  CM    to  CO  OS  ■^ 


CDI>-OOOs         CDCCCDCO         lOOO'" 


t-H  "Tt^  "Tf  to       .— I  CD  r- 


totcooto      eococoo      cdo^co 


CD  r-  CO 

,-t  CO  OS  to 

cm' 00' 


CO  00  to  r- 

^  CO  "OCO 
CD  OS  CM  00 

to  CO  CO*~CM*' 


to  to  00  1--        to  OS  to  "^ 
^  '^  l>- to        Tf-^CDCO 


CMCO         CO         CO^  OO'tJi 


'^  O  O  00 
CO  CO  on  t^ 
OS  00  CO -H 

'f^  »o  00'  r-' 

00  f^  to  -TtH 
O  O  to  CM 

Os'  I^  tC  co' 

€^  CO 


"*^onco  OS^COOO  .-H  ^  OS  CO  O  O  to  O  »0  tP  ^  Os  CO  b- 00  O  -*  cD  —  r- 
CD  to  »0  .— (  CO  CO  OS  CM  000000  O  OS  CO  CD  I^  CD  "^  00  i— (  OS  CO  •— <  GO  tO  t^  O 
l^CMOO         OSOtOt-*        CMtOCDcO         tocOOOCO        COOOCMCO        t^COOSCM         l--tOO'— t 


OS  c:  CO  00 
CM  r-H  r-  CO 


OO  00  to  OS 
C^l  t-t  O  '^ 
Oi  to  CO  "-I 
■^"cD  to' cm' 


O  ■^        to  OS 


O  Tt^ 

.     CMCD 
00  "<*'  i-i  t- 

os*  o'  00  otT 


'-"CO'-^O        -^r^rt^O        Oi— lOOOO         OCMCMOS 


CO  CO  CM 

•^  r^  rt^  _ 
oooco  t^ 
o'co'  cm' 


O  CM  t^  »0 

O  ^  00  00 
CO  OS  to  .—I 

TtTcM'i-Tto 


ags? 

■cS  ^ 

^s--2 

-£^ 

d-2j^:3 

—  Ch  -^ 

<5<!<10 

OOP 

£?°o§ 


^    oS5 


te  S  c  3 
2  a  «  o 


"2  2^ 


1^^ 


II  §5 


-  M 

J^  J    IS    !- 

=-  "^  ■»  ■» 

£1  >  fi  fi 

»  »  o  -~ 


•§^S2    .B.2.s§    -g^ll 
SSSS    SSS^    ZZZZ 


11^ 


5S 


r*  lO  CO  »o       o  t-H  t 


5OS00        1-t  CMiC 


05  ^  ' 

CC  O  CTi  OS 
^  (Ml 


1— '  oo  CO  CO 

^  od>o  -^ 

OT  CO  -^  »C 


r-4  oi  <:o  00 

tOCO<N  t^ 

CI  to  .— (  X 

o  Tp  coSS 
oo'^'r-*r-' 


•C  CD  ■**•  oo 
t-  CD  ^  ^ 
Ol  CO  CO  00 


oo«-*os       OONOOOS 

.— I  .— I  m  00        QO»OOS 


OOO'MO  WcOOtM 
lOt-'.cDcD  OJOOTfO 
00  t^  •-•  O         UO  1^  ^  --f 


ocowc^       I^CO>C»C 


CO  »cco 

00  lO  lO 

fo'^'iO* 
iC  »C  CO 

»0  00  CO 

i-TwcD 


,_,  COWOOOO        OirPOOCD         >0iMO3i 

COOfOC^         lOOOOiOO         OOiC^CO  .— iCD-nfM 


tP  O  -^ 
CO  O  CO   -   . 
.-H  lOOO  00 

-H*  oj"  t^  co" 

OOS  -^  »c 

CO  O  --^  CO 

h^  ■^'  tjh'  id 

CO  W  '-'  COi 


■^OOSO        Oh-Olt^ 


lOiOTfOO       cooot^-^ 


^isa; 


C  Oi  O  Oi 
CO  00  t^  -rf 
(M  OiC^l  lO 


I-^  »0  t^  (N 

Tf   t^   O   »0 

t^  lO  05C0 

cd'(n*oo'oc 


I-  OOM 

O  -^  00 

.-Hcs  ro- 
coco CO 


tO<NCq  CO 


CO  C^  CO 

'(Nod 


"-.  OC'  o         — « 


i  Ol  CN  CS         CO 


I  CO  Ol  CO  ^  '-^  CO 

(  rr  i^  r-  r^  :D  o 

1  o"  -^'  oT  Ol'  c^'  oT 

I  CO  ^  ^  CO  -^  00 


1  00  CD  O        CD 
I  t^  (M  »C         O) 


r  CO  00        CO  »0  O  "^         CO 
■  Ol  CO        w  O  <-<  1— I        1^ 


I  00  ■-<         CD  Ol  -^J*  (M         r-« 


Ol  00  OS  CO 
CD  Ol  -^J*  (M 

t  CS  00         t^  CD  tP  .-H 

CO  c^co" 


lOOC^O 
T*-*  oi  ^"  CO 

-,D  Tf  CO  CO 

—  c^  ^ 


CD  00  00  OS 
00  <M*  ^'  00 

C^)   Tt"   C^ 


00  Ol  t^  CO 
CN  40  r^  c^ 

CO  00  CO  Ol 


^  tr:  ic  '>\       (N  r^  r^  r'-       o  cc  Tf  o 
OcDcDh-      coh-r^co       cDr^r^O 

cooooi      oot^oi^      cDOcor-- 


r^  ^  r^  o  .—  00  CO 

r~  CO  iC  O  OJ  t-^  Oi 

Ol  OS  — '  CO  ^ 
^          lO  ^ 


l'-  CO  O  Ol         O  t^  CD 

Tt*  CD  OOCO        O  1-1  oo 
-f  Ol  t^  Ol        OS  ^  1"^ 


OCOiMC^  COCOtNO  C^iOOcO  C^<NOlcO  Ol-^C^ 

■DOlCOiC  C^CDCDiO  OSCOOS-^  -rf  Oi  Qi  iCi  OCC'— ' 

^  ^  w -t-  r^  CO- CD  Ol  OS  CO  C^ -^  Ol  <M  ■*  ^  CO  O  lO 

co'  co'  c^'  ■*'            --*"  c^'  ^*  c^'  --H  ^  ^  '-*"  C^  '^*  c^'  '-^'  cs 


(M  O  C<l  rt" 

rf  ^-  Tp  C^ 

g|SS 

■^  O  CO  ^ 

CC  lO  CD 
05.-H  00 

1 

(M 

12, 343 
7,138 
3,569 
8,924 

1,447 
2,779 
4,686 
5,  917 

6,  053 
1,809 
2,572 
8,881 

4,366 
4,546 
9,274 
3,317 

(32  t^O 
to  CO(M 

■— 'lOOiC         "rfOSO-— '         OiOCOOO        •-huOCOOO 


l--C^iC        COCOCSO         OlTjiC^N 


to  O -^  ■-«   CO  O  CO  Ol   O  t-- O  CO   CO  CO  I^  CO   o  ic  »o 
.-HCOCDh-    OOOOOl    U0CO--O1    C^CSOC"    


O  CO  ^co 


:  Ol  Tt"   tp  00  lo  ■* 


OOl-— 'CO  C^"^iOCO  rptOOOl  OOOOOl  -^t-w 

r—  OSO^iO  tOOC^Tp  Oi'.   •— 'OS  COIO'OSIO  COCOC^l 

CDtMcCOO  CSOX^  i-H-S-t^CO  C^COOl-— I  Ot^Ol 

oc'  co'  tp'  Cf:               cd'  Tp'  Tp'  O  cf       CD  rp*"  N  co'  CO  i-i'  f-T 


550 

2:>o 

326 
942 

3i  O'  Tf  00 

xccn  Si 
t^  r^  00  t^ 

to  — ■  m  t~ 

—  .OCO  t^ 
■3-  M  ■r:  ^ 

CO  ^  ^tN 
cc  ^  TJ-  1^ 

00O00'« 

800 
920 
.59!) 

00 

18.296 
13.242 
9.  176 
17,  108 

511 
11.695 
8,428 
9,016 

40,  079 
3, 1.80 
1.412 

12,849 

8,611 
.5,331 
13.  183 
4,  908 

•3C  O  — 

c  c6  S 

00 

00 

3  03  =3 


C.2 


5e=   ep>>    ^^^^    ;5cfi: 


59 


:d  CO  :0  ^   1— 1 1^  00  >o 

t^  00  Tj''  ^    .-H  !>.'  00  w 


CN  o  CD  t^   CD    CO  lO 


Cl  00  O:  CD 
O  OO'  ^*  !>.* 


-^    iO  M  lO 


"*  00  CO  CD 
--»  00  CO  TtJ 


<  i-<  -^  CO   CO  1— I  Cn  C 


OO  to  CO  (N 

'^'  Oi  t^  iM'     .   _  _ . 

lo  ■*  »-<  h-   CD  !-<  00  ^   r-- oi  »o 


CO    '^  CD  OOCO 


CO  CD  C^  t^ 


CO  O  OCD 

i^odcd-^ 

CO^CDt-1 


z 


"OOiOO 
1  -^  !-^  ~ 
'00  Tt^ 
Ico'i-H  1-i 
i^COiM 
I  COi-tOO 


-_ OOO 

-^  !-^0  »0  .-1 

--    ■■  --  t-r^ 

_  .  CO  ocT 

i-H  CO  iM  a:  O 


■  «■ 


to 


i-Ht-OOi  'Tt^r-lOO 


1  CO         (M  CI  t--  ' 


i-HOOi-l 


:i  xt^  (M  c       ooooi       ^oc 

.  lO  -— (  OS         Oi  O  '  "  ~"         "*     " 


(N  O  00  O         CD  00  CD 'Tt^         -^COOOO         »0  00  O  i— i 
1-H  r-- OO  O         O  lO  C^  CD        CO  CD  00  "^         b- O  00 -^ 

OS  '— <  (M  (M  CO  1-H  CO  CO  I— I  CO  •— <  1— (         O  "* -^ 


Oi  1-1  CO  CO  t^  .— I  O  lO 

CO  <—<  CO -^  r- CD  Oi  1— I  1— I  c^  CO  1— I 

C5C5COOO  CO  T-H  00  CO      .  — - 

co'cfo^oT  o'ocTTi-r  ocd'c^"-^'" 


Oi  00  lOOO 
■  (NCOi-H 
00  CD  t- 


I  CO  CD  CD  OOO  CM 
1  lO  CO  (N  >o  -— I  OO 
11-1  T-H  i-H  CCCTi  (M 


iOOtP         ^OiCOTt* 


C^t--«fO         COOiOO         i-HiC 

CO  1— 1  !>.  CO  »0  CO '-<  CO         CD  l^  OO  to         -^  C^  lO  b- 

OS  C^ '^  O         CTi  00  C^  CO         1— '  O  (M  CO         ""       ■ 


Ot-t 

•^  iM  I-  - 
00"*  00  (M 


1-H  l>.  t^  Oi        ■*  CO  Oi  I>-        O  CO  r 


OlCD  »0  Tji 

l-H   Tt<  i-H  t^ 

CD  (M  CO  t^ 

co^ccTc^^ci 


C^  CM  COOi 
CO  >-i  CO  i-H 
.-H  CO  CD(N 


. _,_  __-.,  __      -.  COCDiOCl         OOi-HOiiO         tCOCO^         CDcDOiO 

00  to  00  O        O -^  O -^         Ol  ■*  O  00         1— I  Tt^  1— I  |>.        r^  Oi  I>- CO        -rt^OSCOi— i         <— ICOCOCO         co  to  Ol  o 


COt>-'*0:'         OSi-l'«t*CO         r-HGOOSCO         O  t^  1— I  ■'ti 


-^-^fCOCO         C^COt^iM         0--<tOCO        OIOCDGO         dOO^C 

r^  CO  "*  1— '         Oi  to  tM  lO        O  01  C^  O         t- t^  CO  CD        O  O --H  ■*         00  ■*  l>  r 
■■--        OiOOOltO        Cl'-Hi— to        c^coosco        OOOtO        COCOCOC 


O  00  Oi  Oi 
ir^  CO  "*  1— ' 
tOOi  --^^oo 

CO  i-^t^OO 
1— I  CO  CO  to 

o  to  to  to 
co'cfc^'oT 


coos  00  O  t-H  t^  r-»  C 

l>-C^  CD  00        O  O  00  C 


CO  00  CO  00 
OO  b-^O 
to  05  t^  "* 

toco  irito 


CD  1-^  CO  to         to -*  O -* 
CO  CO  1—1  (M  Cq  00  00  00 


»-t  1— I  CO  CO        tc  to  t- ■-* 


•^CO^O  t-^CD'-HOO 
Oi  to  >— i  05  t-- CO  Ol  o 
t^  to  O  O        (Ml^i-HOi 


C^  00  1-H  ^ 
CO  CO  o  to 
Oi  O  CO  IT- 
CO  i-Ti-T  CO 


O  to        CO  00  Ci  -rt^ 


to  00  t- CO 


O  to  1-- to         1— I  ,— i  CO  ' 
O  t-GOcO         CN  CO  r 


i^  1-H 


00  00  0103        CD  05  ^  CD         rt*  to  CO  ■* 


i-i  O  to  OO        CO  CO  i-H  Oi 


OOt-COCO         tOtOOO         t^COt^O        OC^^t"-        OOOOfMC^         (NCOOJO 


t^lMcScO 

.-HOOO  t^ 

^  CD  CD  CO 

OS  O  O  CO 

»o  00  c^  c^ 

CO  00.-H  Cft 

r^  OS  o  »o 

;^yi;ti^ 

00  CO  CO -H 
l-H  CO-*  CO 

"*  CO  00  t^ 

Ol  Tj-  w  >o 
CO  »0  i-H  -^ 

CO  O  C^  00 

OlOC^OO 

OICOO-H 
-*  00  o  ■* 

ntt^cooi 

(M  OOCO  03 
05  05  iOt^ 

t^ooco^ 

lOINCOCO 
CO  CO  00  -o 

l^  CO  0  05 

lOrt<r-IO 

0-*  gjcO 

OOCOOO 

COCOOCO 

C^  OOIMCO 

COC^IMOl 

Oi--l(NCD 

1-H  ^  (M  .-Hi-H 


^  CO  CN  CO 

CO  lO  .-H  I-- 

i-H(M  t-,-H 

"-^'Tiraroo' 
Tt*  (N  r-  Tt^ 

to  (N  t*^  t- 

-**ioc;  *■ 


DOOtO         tOfNt^iO        (M'^'^t^OO        OOOSCOOl         »-(COt-00         I^OOC 

S(N  05         .-H  00  to  00         (N  "*  t- CO         T*- O  C^  Oi        OiOOOCO        CO  i-h  C 
OXOi        Oi  O  O  CO        .— I  t- -^  •«*         Oi  "O  l>  1-H         CO  to  (M  .-H         Ol  CO  C 


t^  (M  t--  .-H 


CO  CN»  O  <-!         to  <N  to  O 


■^  CO  CI  CD        CO  t- O  CD         .-H  00  CO  CI         .-h  lO  tJH  Oi         c:<\  O^  C^X  y-^ 


—*  i-H   CO  1-H 

6^ 


O  O  ■*  O        O  00  CO  CI 


■*  -H  CICI  1-H.-H 


-oc^ :-! 

-I  to  •<**  Oi 
CI  t-  "*  ^ 

cTccTcocT 


(M  ^C^  r-H  ,-H 


Oi-H   t--i-H 

>  CJ  .-H 

it-O 

CO  co^'^oT 


■>*  Ol  to  CO 
.-HCOd— t 


Shis 


as 


cujts;:^^:       zi  '^  '^  o      i_ii_ji_jb-j      uJuhuhl-i       ^i^^i/m^,^^ 

oSS^S  ,SMW*3  SISSS  SSSS  ^^is:^ 


60 


lO  I "-  lO  00        CO  O  d  "^         »0  f— <  Oi  '-D         ai  CC  'O  OS 

■^COCD'XS         O't'iOcO         oil^CCCD        C^rHiOOi 
(MC^lO-rt^         flpiOQTt*         f^QCSC-         — -^*.  " 


CDCS 


CC  "^  O  O  lO  O  Tt<  lO  lO  ^  05  T-H  O  O  CD 

r-H  CO  O  O  OOOOTt*  COCOr-'OO  O  O   "-I 

03  CO  o  o  to  lo  00  Tt<  o -— ' -— <  CJ  r-- ^  o 

00 '-Tcc^'-h"  urTod -^"cc"  ■^"-r^'.-rar  oo  io"t^ 


00^ 


cctp      cciTf      »o      I— I      f-Hco      ooor- 


l>00OO  COOIC^CC  C^OOCOt^  C^OOOIOO  (Ml— itJH 

CO«-HOO  lOiOOUO  T— iCQiOO  COCSOICO  C^'— tcD 

I-^CSO-^  t-C»iOC^  CiJOt^t^  iOi-hOO  C^C^i— 1 

CO  cTco'i-T  ^txTc^'oo"  lo't-^i-rc^"  oTo'^o  c^"  ooo"cc 

CC  S  CD  "^  •— I '— <  CD  O  t^  O  CC  CO  05  Tf  1>- OS  CD  GO  CO 

Oi  00  "^  t-H  t^  c^  CO  o  o  00 -^  i>-  io  Tt*  00  00  Oi  r- 00 

M  CO*"  CO*"  »o  T-T  cc'  Tj^"  lo"  i-T  m"  csf  r4'  cs  r-T 


Tji  o.-'O 


-  Tj^  C^  OS        OS --H  C^  .— I        b- o  ■^  I— I        CO  o  c^ 


COOSt— lO        cot— 0000        T-HOOOSiC        •^'—tcoos        cot— o 


CO  "^  CD  O   OS  t- CO  t—   O  O  CD  C 


CO  05  lO  r-l     [-  t-  C^ 


OS  (N  00  OS   C^  Id  CD  CD   00  O  CO  O   OS  CD  ■^  Os   O --t  CO 


f— OS  (Si  CO      -^  CO -^  00      t- t— to  c 

OO  1— I  lO  OS        CD  (N  i-H  00         uti  C4  00  C 


-^  r-      ^  o  cs 


II—  Tt'X'         1— IC^COCO         t— '— I         O         C^f-HCDCO 


CO -^  .-H  o  OS  cc  CO  r-  .— I  Tt<  ■^  03  OS  CO  o  OS  ^o  i— i  co 

iCi  CS  »-H  O  CO  iC  C4  00  1-- cc  CD  CO  I— -rf*  OS  lO  lO  O  OS 

1— O  CD  tP  cc  wo  cc  ■^  O  O  lO  OS  »0  O  »C  C^  OS  O '— t 

t— od  r— '-T  cdoTc^'oo"  co"»o~co  04"  oo"c<rt-^'-r  o"'-h  t--^ 

OOtNCC'-'  COO-'^OS  cc^ocsos  tooicot—  r-oso 

OOOSCOO  i— .lOiOCC  OOt— -^(M  OO'^i— ^-^  O^"— ' 

oo'ccos'c^  cscdco'o"  occ'i-i'oo"  iOC0"i-H»rd  i-Ti-Tc^" 


Tt*CCOC0  "O^COI— 

cooocooo  ^  r- CD  ":; 

00  I— -^  cc  cc  lO  Tt*  ^ 

ccccTt— lo  lOo'-'Hcf 


D  t-  cc  O         -^  »0  CO 

""OS        Tj*  OS  '^ 

lO         lO  CN  OS 


'^   rH   00 

CO  "0  (N 


(N  CD  00  CD 


1  CD  CO  CD  CO  C^ 

)  CO  t—  t—  lO  cc 

O"  ^^  «"  CO        --H  CD*  C^"  OO"  i-T  CO  "*' 
CO             ,_^            ■        " 


O  C3  bc3 

23£§ 
OOOPs 


III 


£3.2 


O  ;- 

SI  ^ 


67 


■ 

-*  OCO  CO 

T}<  ^  .-to 

^  CO  CO  »o 

cDOi-s<  r^ 

OOM  OiH:t< 

-tOuo^ 

OS  00I>-  c^ 

OS  CD  05  10 

1 

■^  CC  t^  00 
—lOOCDO 

lOC^  CO  ^ 

>0  CO  IC  C3S 

1,090 

1,547 

309 

225 

CO  r^  OS  lo 

I^CDrt  00 

1,346 
323 
753 
474 

00  OS  00  r- 

-(J^  ^  C<J  (M 

OS  CD  O  lO 
000<M 

"Sjs 

CO  M  o  ^ 
CO  CD  t^  ■* 
c0  05C0-^ 

CD  lOCO  CQ 

cDr^ooc^ 

lO  r-t  O  C^ 

O  CO  (M  O 

CO  t^  CO  00 
CO  CO  ■*  CO 
^  00  (M  CO 

^  ooco^ 

CD  00  00  CO 
COt^OKM 

CD  o  c?:  O 

cocoo  cq 

O  T-i  CD  1> 
OO^OCD 
f^  "*  o  o 

-"^  OS  r^iN 

(M  CO-*  -* 
O  CD  CO  "* 

'S3 

030  "0  t^ 

CO  t^  >o  o 

OS  CO  CO  CO 

00  .-H  c-j  t^ 

lOtN  00  >0 

oor~^  "O 
rt  en  ooo 

H^  Tf  CO  o 

r^oco  t^ 

O  ^  05  -H 

a:  (N  o  CO 
to  r-  lO  o 

Ci  00  CO  05 

CO   O   CO    r^ 

t^  CO  CD  O 

t^  Tf  C^  OS 

f^"" 

■^  iO  t>  <-l 

00  -^  c^  -* 

CO  CO  CO  »o 

T-H  O  CD  OS 

OJ  Or*!  ^ 

O  tP  00  CD 

lO  -*  .— i  t-- 

O  lO  OS  o 

o 

iiii 

CO  C^  Ci  ■* 

Oi  r^  05  Tt< 

O  C<J  »0  lO 

1-HCOOOO: 
CT.CO  -HOI 

r-coooo 

00  00  ■<*t  t^ 

CD  lO  t^  ^ 

lO  lO  00  CO 
00  t^  CD  CO 

rf  CD  lO  lO 
t^  I>-  «oco 

o^  t-r^ 

COOCDO 

r^  r^o  CD 

CSOOOTt* 

O3  00(N  to 
C'QOCO  lO 

TP   lO   t^  t^ 

O  "OO  Tf 

^  CO  CO  t-H 
05  0  00  10 

coo  0J03 

oSocnco 

iO  Ol  »o  1— 1 
00  CO  CD-* 
^lOOOiO 

ii^^ 

(M  CO(M  TJH 
•*  '<^  CO  00 

lO  00  OS  00 

o 

g:  t^  o  CO 

*C  I^  Tjt  Oi 

CO  CO  0:!05 

c^  o  CO  r^ 

to^oocg 

OlOOCD^ 

010CO-* 

O  T-^OO^ 

W   lO  i-H   i-i 

CO  GO  O  CO 
SO  CD' 
CD  CN  4 


'■  T-i       00  r^  »o  OS 


OS  C^  OS  t-- 
CD  r^  lO  ,-3 

OS  -H  1--  O' 


c<i  r--  CO  r^ 

O  -^  OS  CO 


O  00  OS  CD 

»00  OS 
CNCO     ■■ 

lOr-l 


-*  C^         CO  lO  (N  ' 


CO  ^  "*  ^ 


I>-C^coiO  -^cDiOcD  cD>— "-^t-. 
CD -^ -^  OS  OS  lO  00  lO  lO  CD  Ca  lO 
(N  Ir^  t^  1— I         C^  ^  CD  "*         OS  t^  (M  lO 


OS  »0  C<I  CD  CO  CO  O -^  r^  00  GO  O  -^  t^  OS  Tt^ 
OOOCNOO  r-H  to  lO  OS  CD  •*  (M  C4  CD  O  00  »0 
O  OS  CO  CD         CO  1—1 -—I  OS         1— 1  1-H  OS  to         t^  OS  t^  CO 


_.,_..        lOr-COC^        OsOstOcD        tOOScDt^ . ..-. 

1— •  O  O  OS         CD  T-H  O  CD         00  !>.  CO  »0         C^l  OS  CD  lO         CD  CM  O  00         OS  00  i— i  OO         to  <N  i— «  O         iC  OS  lO  OS 
.^      . ^ ^        .-,  _„ ^ tP  .-H        C^  O  O  CS        O  ^  00 --H        '     ' ■  ~* 


00  CO  t^  O 


OS  t^   r-i   ,-1 

CD  1-H  O  c- 
Tj^  CD  CD  C 

r^Tjn'cq  oT 


r-l   OS  CO  1-1 

00  !>.  CO  »0 
CD  00  »0  00 

CD'Tt^'to^OO*" 


;  ^      ^  o  r^  G 
;  cs      .—1      .-I 


CO  0? 

l-H   O 

t'-  t^OO  CO 

go'"<m'"c^'~i>'' 


-*  OS  CO  ' 


H  (M  to 

.    _)  CO  o 
00  t^  CO  o 

Tf  OS*  c^Too" 

CD  CO  O  t^ 
CO  CO  t^  00 

l-'TtH"co'(N 

,-1        ,-icO 


OS  .-I  CD  GO  t-- to  (M  to  O  OS  OS  OS  OS  O  CO  ^O  ^  CO  .-h  tO  O  ■*  GO  O  00  OS  rt^  .-i 
tOCSC^OO  Tt^OOTt^  -^l^-COt^  COl^tNcD  CDOOCNCN  i— lOStNCO  CO^— iTt<0 
00  r-(  C^  CD         t^  OS  <M  GO         O  CD  C^  CS         CD  O  O  Os         to  CO  C<J -^         O  tM  CO  CD         00  O  t>  CO 


. .__         -,,  -rfHOscDcD         CDr^toCO         CDt^tOC^         t^CO-.  .      .. _ 

CDCOOt^         CSCOCO-rP         GOGOCDCO         i—iC^tOC^         t^cDi-iiO         CDC^C^'— '         CMOSt--iO         (McDOO 
-_         .-, ^^q;^         ^^^^         OSiOCOOO         OOi— 'OSCD         ""  —  —     "         ~     ~       '  ~" 


00  t-  CS  -* 

"'  CO  CO  "tP 

■  CD  CO  O 

co"  go"  »o'  o" 


(N  00  GO  t^         OS  C 


Ol  CO  CD  r-( 


t^  C^)  O  00         CD  CO  CO  CO 

.-I  t--  -#         C^  1-H  CO  --H 


t^  CO  CD  G 
CM  OS  t^  »-, 

CD^CO^Oi- 


CD  1-H  h- t 


Tj<OOOOS         00  OS  1— I  to 
odt^fM*^         •-a'CDtMtO 
C^  .-I 


.-I         CDOOi-^OO        coot-CD' 


OS  00  CD  CO 
to  to  .-H  o 


t- 1-H  OS  <N  r-osi>o 

OS  r^  ^  (N  CO -tp  lO  CO 

lO  (M  O  lO  OSCO 

CD  (N   Tj<  rH 


OS  OOOOO 
cDOt-^t-^ 

TjH  r-^  CD 


H  ,-H  ,— I         OO  CO  O  1*         CD  CO  CO  C 


5  00  00         CO  "*  00  OS         CO  c 


JOSCOiO         "^CDO"^         t-OOOCS         cDOCDtC        COCO-^b-        CDCSJOOOs 

Jcooo      osr>-co»o      cocotoco      coost^o      r--ooioo      c^jcoi-ho      cocdosco 


^O  00  OS  l-H 


;  r- to      CO  "^  (N  ■**"      i>- 00  o  o 


.— '1— ttoOl         OSOO         00         !>-.— tOOO         "Or^OSOS         CDt^-^GO         OCSt^--H         COCDOOCO        OOSt^--H 
r-toCD!M        -rf^tO        O        OSTfCDcO        "*Oi-HOS        COi-HMO        ~        '  — 

co'"      c^'  OS*"      tM'  T-T      Tt^*      co'  i-H*  OS*"  -Tt^*"      ■*'  CO*"  04"  CO*"  co"  (M'  to*" 


00  OS  to  -tt^ 

~     ~~   t^  --H 

OOO 

to'"to'"r-'"co*' 


o  r- to  OS      wo  OS  00  I- 


..  JCOCOt--         i-t-^C^lOO         iMcOCD"*         OSOOOtO         tOCOtOCD         iOI>-OtO 

o  ■*  o  00   OS  cs  o  OS   to  o  r- •-*   ^  cd  co  cd   oo --h  >-<  c^   o  cd  cd  ^   o  c^  CD  r-   CO  c^  CO  CO 


00  00  O  CD  00  CD  O 

O  Tjl 

CC<N 

-Tf'c^" to  T^'  t^i^'o'co 

^  OS  C^I  OS  O  O  T— I  CD 

CO  00  CO  c^  to  00   r- 


C<I  to  O  CS    lOtOCDO    to  (M  O  !N    CO  <M  i-h  OS    O  i-H  CO  CO 


OOS  O  CO 


^  r-  r-  OS      r-o  ^  to 


1--        OSCSOSOO         OSCDCOGC 


t-  o  to  I>- 

"•-*  OS 
100  00 

to  too*" 


to  to  GO -^         00  CD  00  CD 


C^  O  CO  CD         CDCOOO         ^CD-^OS         O  to  OS  OS         CD -*  i-h  O         ^  CS  i-h  CO 

t--cocsoo       Oi-Hosio       "*    ■* "    "~    ■■  ~  —  ^"~ 


00  OS  to  to        to 


oso  O  r- 

^  CS  1-H  CO 
to  l^-O  o 

to"t^ 


CD  CD  (M  00         to  .—I  (N  OS 
CO  I-"  -^  --i  -—I  C^l 


(M  TT  CO  CD 

c^  OS  Tt^  oi 

■rtH  CO  (M  (M 


OS  ■*  O  OS 
C^  CO  o  to 

OS  00  coo 

CO    r-H    CO    r-H 


OS  "*  to  <M 

1-i  r-^  "^'  i-l 
t^  cs  CO  r- 


GO  r-  OS  cs 

-  c4  oi 

"  to 

I-  to 


CD  OS  !>■  CO 


iO  lO  to  CS         to  t- 1-H  (N 


CD  CM  to  CO         CDCDOO         CO  .-<  OS  OS        CD  O  CO  CD        t^  ■*  I-- co         w  OS  Tt<  00        00  tO  OS  O  CO  CO -*  tO 

CO  to  C^l  CD         00  to  O  to        Ot^OOTt^         t-CD^CD        CD  OS -*  to         i-<  tO  00  CD         lO  CD '^  O  r- CO  O  ^-h 

COOSCDCO         C^tOcOOS         tOiOOOO         .— icDi— too        C^COtO"^         C^OOt^OS        <McDt^O  r-oooco 

o'oTco  l-H*"  co'cd'oTcd" 

TJH  o  CO  CO  tOCOOtO 

CD  t- to  l-H  CO  to  O  CD 


OS  r- CD  00       to  CO  cjs  t-       to  CD  to  (M 


O  O  to  CO         to  t--.  OS  T 

ocor— r—      "^i-HtocL-i      uu-^^cLJ'iJ 
r^  to*"  cd""  cd""      oicc      cd"     to*"  to  go  oo*" 


oscococo       00  00  r- c<i       cd  to  co  r- 


OS  (N  CO  C 

00  00  r-  c 
CO  t^  ■*  - 

Tt^'co'i-rt^*" 


C^I  CD  to  to 

to  1-H  t^   T-H 

co'c^Tofo*" 


CD  TjH  1— I  CD        (M  OS  00  to 


CS  O  O  "*         "*  1-H  O  O         CD  O  Tt<  r-         I>  CD  r- (M         -^OOOOcD         O  OO  co  OO         CD  ■*  OS  O         r-H  CD 


^  CN  to  ^    O  C^  O  O 


1-^  00  CN  CO    to  O  C 


CD  ^  OS  1— (   rH  00  OS  O   OS  CD  to  CD 


^  lO  -*  CD 

00  1-H  O  CO 

r^  to  to  CM 

Tt^   r^CMCO 

CD  OS  05  to 

^   -H   ^   t^ 

CO  t-  OS  o 

CO  tot-  CM 

to  (M  04  CO 
T^  to  to  00 
t-  to  GO  00 

to  t-  •<**  ■* 

-*  -*  O  CO 
CO  CM  OOS 

lr>.  1-H  ,-H  CD 

00  rJH  OS   --H 

■^^  to-H  (N 

CO  lO  CD  CO 

-*  1-H  CO  -* 
TtH  OSCM  CD 
CD  CD  -*  CD 

CD  ■*  1-1  -* 
OS  OS  CD  rt^ 
to  1-H  CD  t- 

»-H   r-H   OS  CO 
t-   Tt-    1-H   00 

tOcDt^  Ol 

CO  ^  CD'  to 

t-  r-H   '-rp  t- 

CD  cDi-f  O 

cor-oi  OS 

^  CDi-hC^^ 

i-<  GO  ■*  r- 

OS  t-  CM  to 

I>-  CO  to  CO 

CD  -Tt^  -*  CD 

CM  to  CM  CM 

CO  to  CD  ^ 

'^'C'iS'ca 


3'    £?S'3§ 
5S    o255 


■T3    D    r^ 


03  D  •-       '^  -^  03 


i9c"3 

!>  c3  a*  o 


c  hsS 


CD  m  3  03 


■^"^ 


X)hHI-s 


•S^S.2     .S.2.SS     -g^gg 
S^S§    SSSS    ZZ^Z 


1^  ° 


62 


oooc  t 


^  00  00  03 


—Jo'-*'         -J5  rt  O  M        to  I-^  lO  M         P5  -<  «; 


;0  O  00  :D 
-^  -^  O  I* 
'M'tt-'oo'-n" 


«D00O'-< 

S  e^  t~  i~ 


?c  00  ooo 


00  !>■  05  »0        M  C 


ss?? 


00  CD  C^  CC 


r^  po      05      o  ffc  05  ■* 


O  00  -^ 
CO  fC^) 

.-Tm' 


»0  »-H  -^  «D 

OOIMM-OJ 

'O  o  i~  o» 


OS  -^  CC  " 

toco  t 


Tf  r^  tc  »o 

^  Tf  to  GC 
»0  05  CO  "I" 

-n'oo'c^'to" 


00005  Q 
C3>  00  ■*  O 

-"•'o'oo'-* 


Socooo 
lO  CD  Q 
IC  10  03  >0 


^         1-H  lO  1-H         T-<         ^ 


OOO-'t'lM 

wr^oo'to' 


>oooo>o 
CO  cc  c^  c^ 


•-'  -^  t^  ■* 

C^  CD  CO 


(NO  IOU5 
COIN  oi  c> 


t-o 

S5^ 


, .        b-c^  to  »o 

CO '— •  iC  CD        OS  C^  O  C^ 


CO  --•  Id  CD 
--H  CD  CO  »0 

00  — '  -^ 
Ci  CO  i-i 


IC  lO  O  C^  03  lO  CD 
1-H  ^  00  Xi  00  C^  lO 
OS  t--  l'^  CO         CO  »C  '* 


___,        COCOOOS        Oi(NOOi 

00 '—'■«*' o      c  CD  CD  CO      CO  CO  05  ai 
-         loc^t^o      cor^cscD 


';=:   s- 


O  OS  ^  t-- 
CN  CO  >0  I^ 

t^  t'-  r>-  00 


o  c^  00 --t      t^  ^  r^  Tt< 


T-H'^t^fM         COOiCDC^         rj^r^'^'*         (DiC'CD 
>O.-t00O         <— lOOiCO         00lM»O»O         OSXiQi 


?  TfOS        OO  ^ 


00  CD  t^  Oi        OTf^Os-^        _,    , 
»c  Tf  oc  c^       t^ooosrp       cs  ur; 


IM '^  CD  CD        Tf- CO --H  Tp 

OOOJi-tOO  r-H-.—lCN 


00  -^  O  CD' 

cs  ur;  CD  00 

CO  iM  CD  CO 
oTcD  tP  CD" 


■^  OJ  c;  c^ 
oi  CO  r-  CO 


01  00  CO 


rH  (M  .-H 


Tf  C^  00  « 

CO  CO  CD  c^" 
CD  Csi  a:  "0 


»o  »C  iC  1-- 

NtjJ»-H06 
-I  Ci  O 


t^  1-H  (N  CO        (M  »0  rt* 


»0  Ci  O        0>  CO 


^  O  CO  O        CO 


t-t  (M  .-H  (M 


, t'-OiCCO       oioooooo       ■^ooo       o»ci>- 

o  oc  05 '-'   OS  CO  CO  Oi   CO  o:  >o  lo   to  r- t^  OS   o  oo  co 

--     -■         lO  CO  Tf"  00         OS  <N  O  O         O  00  iC  OS         CO  ^ '^ 


^  O  CO  OS 
O  OC  OS'— 
odcD'os'"OS*" 
^  O  !M  CO 

r^  CO  c<i  i^ 

(M"co'"<M'"t'-' 


^  O  !M  CO         CD  -'J' lO  CO        i^  lO  C 


^■^t^iCi        »0  O  O  CD         !N  00  ^ 


iCOOO        1— lOS-^OS        (N  1— I  (N  i: 


lO  lO  CD  00         00  t-- CD 


I  CS  lOi-H        ^        ^ 


i-HOCOO 
C5  t^t~OJ 

r^  lO  CO  CD 
r-  tt  O)  oo 

OOOl^t^ 

05  CD  00  CD 
CD  CO  »0  ^ 

Oi  O  00  05 
CO  TT  00  CO 
COTjirtOO 

lis 

i 

CC  OS  CO  CD 
COT)- CO  00 
CO  05  O  Tt- 

Olrt  oo 
■^  (N  00  O 
O  — 1  iracD 

CD  03  (N  -H 
CO  05  -^  CO 
O  !N  00  00 

m  —  X  "O 

UO  CM  -^oi 

cn.-o 

U0U5-*  lO 

rt  C<l  >O00 

00  rt         rt 

Tt-   -#   ^   T-H 

CS   .-HTf 

>o 

CD  (N  COC^ 
t^  t^  CO  »o 


t^  lO  CD  *0 

lO    T-^    Tt* 


CO  IC  t^         00  O  CD  ^1 


I^  CD  CO  CO 

'oi  ^00 
O  CD  " 
^         to 


-^  ,-1  lO  CO 
^  tT  lO  00 

r^  c^  lo  -^ 

,-.  ^  lO 


CO  C3S  O  O         »0  t^  00  00        O  O  ■*  CD 


T^irooCO        05  00  0^ 


Tj-  CO  t^  Oi        CMIN  ^ 


-  CD  ^H  CO         '^  OS  C35  CO         ^H  CO  05 


OiQOiCO  CD  !N -*  CD  TJ- CO  CO  ^ 

oof5>oc^  ocniOTt-  o  — cc>o 

»0  CO  O  ^H  00  ^H  t^  ,-H  ^H  00 -^  *0 

■-J-'t^C^'oi"  (NCD"Tt-'cO~  ^C^cfo^ 


,,...  lOCOCOO        INO^^ 

O  ^  CO  »o      O5r--*o      CO --^  o 

—*—-■-         05  Tf  IC  CO        ■*  X  <32 


TJ-CDOO  OCDOCD  O  »0  CM  C<1  lO  !N  05  O  O -^  00 
OCOfOCM  OS^HCOCO  OTJ*TfO  CMOCDO'  --Tt^CM 
CO  CO  O  O        »0  CO  C3S  to        00  O  O  »^        O  »0  CM  O        c^  t^  o 


CO  (N  00  t^         CM  CO -^  Tt-         cot 

X  CD  ^  .-H         ^  05  CS  ^*-         »0  ; 


^^CDCOt^        lO^HOOCM         ^HiCrfOi 


^  CD  Ol  '9" 
CM  CO  CM  Tf 

OOO  O  O' 


CM  CO  CM  Tf         CD  OC  O 
OC'  CM  >0 

cm'co'o" 


C3 

'  2  fi 

S3  £ 
ooo 


=3     5^-3 
■3,     '-'OG 


SB  3  c 

5  P  P  r^ 


X   C3  fc-   t~ 


ca-a  o 
cc  =3  q 

MJ 

O   >  C 

K  t:  o 

3^.2 


63 


6X1 


0.  « 


s 

CO 

CS 

H 


■ 

^  00  t^  t^ 

ai  ■*  t^  "^ 

CO    O    T-l    T-C 

ooc)  u;  o 

CO  »o  OJ  >o 

t^  t^  ^  to 

co^  -<c-. 

Oi  CC":D  Ol 

1 

io(N  oot^- 

O         .-100 

(M  -SH  OOO 

CO  00  Tf  CO 

T»-  to  'J'  O 

CO  .-^         C-1 

02  OCM  ,-1 
^  t^  « 

°"l§ 

a    M 

-,^  00  aD  lO 

t^  00  00« 
CO  -^  CO  o 

IM  M  >0  f- 

OOCO  ^  CN 
t^t^COiO 

O  ^  T-H  CO 
O  t^-S"  CO 

§ii§ 

■.*  en  00  CO 

-HCDOO  rt 
00  T-HOCOJ 

t^(N  ^  00 

•O  lO  -^  t^ 

,-.  coco  CO 

00  CO  (M  -^ 
OCO  f3  CO 

$1,606 
2,784 
3,638 
6,264 

2,448 
806 
993 

2,165 

6,575 
2, 143 
4,098 
2,329 

6,014 
5,953 
2, 886 
2,136 

837 
2,188 

598 
2,  955 

4,416 
1,569 
3,523 
4,518 

2,369 

2,005 

799 

179 

2,285 
6, 389 
2,  621 
3,338 

0050-^         (NOl-^cO         lOOiOOO         COCOOOO         OOO-— '■^         OOOli-HCO         -^(NcDto         OCto^DOO 

r-0i0i05      .— iQOOico      1— loo-^to      r-cotoco      coix>c^to      ooicocc        ----  -    


OO  "*  t^  O        to -* '^  CO        -^  CO  o -^        COCCt^OO        o  t^  c 


3  00  ^  c^      a:i  00  00  t-      t- CO  <; 


OOOIMCO         1— (cOt^-t--         C^TtioOi^.         .       --  .  -      --  ^.         ..-,.„ 

C0-^0»0         t-OOOO         Oit^COOi         -^COOOO         OODCOOi         ':D  -rT  Oi  C:.         iMC^-^t-- 


CO  Tt^  t--  CO         '^  1— I  C^  CO 


00O5  ^c 
rj*coc-  - 

f  c^^io'co^ 


r-(   '^   ,-HCD 


r^  .-H  c^» ' 

OO'co'c 


r-  to  o  CO 


too;  coo 
'^  r^  r-(  r^ 

CO  o^o'ccT 


S    I 


O  -(f  t^  c^ 

;^^o6^ 


^  r-H   ,-(   CO 


to  O  Ol  CD 

o:  CO  QC'  .-^ 
OGOOO 
CO  -— I  1— '  T-( 


.-'  CO  ir-  OO        O  O  ' 


3,—,        r— t^t^Oi        050COO        -. 

CO      c<)oor^-Tf      oto'M'-H      t--.cooco 

.— (CO-— ii-ht-hco  -■"■ 


OS  CO  -^  ^ 
'  cico*  -^ 
CO  O  CO 


"*  Ol  to  CO 


.      _-         totOtOO         tTiOOOiM         COi— '--•CO 

O  C^  (M  --H    Tt<  O  fM  O    t^  to  CC  00    c£D  CC  ^  05 
^-~ Tt*C5CM,-(    tOtOCOOO    0C't^GO.-i 


Oi  (•-  (N  rH 


OcO  .-H  OO 


I— I  CO  I— '  O    t--  to  L.  , 

CO  "*  CO  00     CO  r-H  t--  r 


toioco(M   ocO"^r^ 


Tt^  to  en  CO 

Tr*c4"co"~o 


Oi  CO 

00  r-H    _    _ 

(M  Oi  '-'  OS 

ccTc^'co'cs 


»o  CO   o;  Tj* 


05  00  00  lO 

o;  Tj*  r-  CO 

CO  <N  to  O 
CO  tJ-*  Tt^'  to" 


to  ^  O  Ol 

r^  en  Tp  -rt^ 

0>  to  CM  O 

i-Tco'co  to' 


Ol  OC  CO  CM 
O  Tt^  (M  -^ 

oo''  CO  oT  to' 


0-^05 
s  ^ 

:  CO  to 


_   .  ,        O  Tf  CO  Oi 
CO  Oi -^  00    CM  00  CO  00 


o^  CO  r-  o 

-^  t^  OO 
C^  CM  CO  GC 


lOOO^cO         COOOt-hCO         Tt^r^OOO         t^tOC^lOO        OOrfcO 


OO         OOOICOCM         O '^  O)  t^ 


O  00  00  "^         to  Oi  Tf-  f 


tC  C^  ^  Oi         -TT^  to  CM  O 
C-lCOCCO         OtOOCO 


— <  O  rf*  O 
t-  l>  CO  O 
>—<■»*  05  CO 


'CM  COC 

03  OS  ^-  ■<* 


CO  -^  t--  CO 


.  .  .  ^.  .     t^  .—I  CO  00     -. .  _-    - . 

;  oi  oi  o   o  o  to  "rt<   CO  >— i  oi  CO   cm  oc  co  i— < 


00  to  c 

GO  CO't^'C'f 


to  CD  O-l  Oi 
CO  -— i  Ol  CO 
CO  to  CO  00 


CM      ^ 


r-l  OC  OCM 
CM  QC  CO  1-1 
GO  '^  CM  O 

'oo^oTo' 


CO  O  to  CM 


_-_     -. .    (Mi-HOOi    COCOOCO 

OCO  COOOOOOl  t-CMCM"^  OOOr-nOO 


CO  l'  CO'  Oi 


Tt*  Oi  CO 
-■5  00  00  _ 
D  Ol  005 

r-xT  oo'  oo' 


1— 'COCOCM  OOtOtOOi 


coo  o  t-- 


05  O  -H  t- 


1-H  CM  00  CO    t-  to 
O  Oi  CO  CD    CM  CD' 


CO  CO  '— <  O    t-  to 

O  !>•  lO  CD    O  to 


CO  f— I  CM  -^ 


to  CD  Oi  00 


lOiOOOOl        OCO'OO 

i-^coiocD      cot^odci 
CM  CO  o  CO      -n- CO  ■*  CO 


to  O  O  CO 


Oii-HtOOi         -^OiCMO 


J  C*1  O        CO  -*  to  to 


CDCO'-'CO        COCOOl-^         'OCOr-CO         CO.-HOCD         CiCM 


t-         OS  C-J  CM  00         CD  f 


CD  to  o  r^         CM  to  00  CO 


O         oo  00  CM  O         O  t- 05  t-         O  00  (M  GO         .— ■  tO  CO  to         CD  CO 
"^  1— itOOCM  OOCMr-C^         OlOCMI--  OO-^tOO         t^CD 

to         00  CD  Oi  00         Oi  CM  CO  CJi         i-h  to  r-n  to         CO  t^  O  Oi         O 


lO-^ooGO      r-^'tj^c^      oo-^o      .— ioo.-i^      r--i-i 

■^  C<l  to  CD         1^05  00  0         O  h- ■^  CO         Oi  CO  I— I  I^         O  CM 
OiOCMt^         -^GCOStO         coo-— *01         cOCOt-i'— '         t^CD 


CO  >— t  to  to 


CM  I^Tf  t- 

i-«  CO  to  CO 

1-1  -^  l^  oc 
cm^'^'cm'^co" 


GO  CO  Tf<  to         O  CD  CO  ■^         t-- CO 
COOCM^         '^  r^  1— I  CM         tH 


,— (         CO         1—1  Tf  CO  CO 


CO  1-1 
Ttn'oi 

o  to 


000:0-— t         tocDGOcD 


oo  CM  CM  b- 

O  CD  CC'  to 
CM  OS 


CO  CD  CD  -^r* 


^3 


OCMO'*  CMCOOO  COOOO^  O00'<**O3  OOc-^O  ^OiCMcO  Ob-OO  -OOOb-CO 

tO.'*I--t--  00  CD  O  O  to  CM  .—I  00  t^OSOOCO  to  .— (  CO  O  CO  CO  CM  O  »0  O '^  O  O  t- CM  i— i 

CMCOC<Jt--  1— tOOGOt-  O500CriI>-  CMGC-— '-^  COOOi— 'tO  C^Ji— 1-^05  OtOCOiO  Tft^COt^ 

co'oo"o*"io~  i--rcD*  o  F-T  r-To  cot^  r-rco-^'o"  oT CO*" to" cm""  i-Tcc'co't-^  b^^-To'cT  cT ooot-T 

COCMCOiO  TjHr-Hi— iCM  CD-^CMcD  tOCM^rt^iO  03l>-i— tO  OOCOOOCO  OOCOCOOO  OOtoOcO 

OSCDr-iO  CMOO         OS  Tt*.-it-.— <  C-Jb-OOCO  O-^COO  TflMOOt--  C^-^-^oO  CMtOtoOS 

CO  CM*-<s^''.-r  ^          cm"  ^"co-^'o"               CO  to"  rS^oficS           r-T'^'io  co'co"  -"-TtjTco  — r 


OCM  OCO 


=  oor^      ocDoooo      oOTfO      CMoocoo;      ocooio      ocot-- 


^C^100>         CMOOOO         OOjc 


OCM^O       toco-rt^o       OOOOIO       otot-r- 


,-,-<t,^ 

CO  l^OO 

(M  O  tP  -.t^ 

CO  CO  CO,  o 

OCO  oo 

CO  Oi  »o  CM 

t^coco  o 

0"0  —  CM 

CO  OOt^ 
C-0  CO  "^  »o 

00  CO  IN  —■ 
02C0  rH  00 

t^CT)  C^  O 

r-OO   "O   ^ 

00  CO  t^  >o 
00  lO  T-H  (O 

as  05  •*  o 

—  CD  CO  00 
t^  CO  Tf  CO 

00^  r-  o 

coor^rM 
IC  CM  ccco 

•*  r-lOOl^ 

O  t^cc  CO 
OOOCD 

t^  CO  00  -^ 

M   r-<            UO 

OC^fOJO 

^  -H  f^O 

rH  C-)  ooo 

(Mcn  oj 

CO  ^           rt 

CM  00  t^  CO 

€^  — 


I  3  ^i 


"2  S  ^  SI 


iggg  -s 

HH  h^  H^  1-^ 


Oj  O)  o  o 


64 


O)  (M  -"f  -rt* 

iTj  (N*  ci  ci 


03  -rr  coQO      o  w 
c4  o  i>^  io      *6cA 

QO  rH  I^  1-1  r-t 


lO  f-H  CO  .-' 


CO  CO  .-H  00  o  i-H  o^  lo  r*  ^ 

CDCOUOO  cot"!—  <— <  OO'-H 

co't^Dco'eo  cTococn"  co  od 

.-'r-4i--os  i^aic5o  (N  oi 

r-i  Oi  »o  Oi  r--  o:>  CO  CO  r-  CD 


00  oc  lo  --t*      c<»  »■* 
"*  00  oi  <—<       »o  (N 

CO  CO  CO  l^        CO  ■^ 


lOiCO         C^COiCCO         COcOOicO 


5  o  r^ 


-*  (M  O    Oi  t^ 


,-H  C^  Tf  .-. 

r-  -*  (M  O 

CO  Oi  CO  »o 

cc'^'o'co' 


cnocD 

<m"  oi  Tj^ 


CO  COOi  uo 

1-H  'Tt^  .-H  00 
CO  »0  r-H  00 


.  ^„^»,   .,„ ._ -- o  CO  r^   CO  o  r^  cs   (M  os 

jioos-^      lOOC^^(^^      r-*--HO-^      csoioicp      coos 


2m-*<u:) 

.-H  to  COIN 

(M  QOOOCTi 

OOOOO 

C-)I^ 

H  I^-*  CO 

.^  as  tc  CD 
ntDcood' 

241 
2,089 
3,367 
4,761 

9,062 
2,128 
1,487 
4,526 

3,112 
1.704 
4,  215 

4,287 

OS  CO 

CO  05  ■^  (N        O  O  CO  00        r^  o -^  c 
O  O '-' GO         lO  CO  O  CD         l-TfOC 

co'-H'^fco      -^1— icoai      c^coco- 


CCl-^  -rf  r-*  r-.OTt*0  CJl'^O'— ' 


:co  o 
^  bo  »o  o 
CO  "o'cT 


jcOcD 

CO  CT>  O  r 

rc^Tco^oT 


tM  tT"  CO  Oi         Oi  o 


t^  CO  oo  CD      cs  c,:! 


1  .O  1^  o 

146.4 
11.0 

""123.1^ 

18.2 
4.8 

61.4 
2.0 

ilN 

•^  lo  -<  oc 
ocoocc 

20t^t0 

CO  OCO  CO 

COIN  0 

CO  OS  en  -^ 
r^  .-H  (N  OS 

OCOOOO: 
CD  00  0  t^ 
00  00  1^  OS 

2?J 

hOOOCJ 
p  t^OO  IC 

■5  .-100-* 

rt  o  00  ira 

OS  ^  0  10 
t^cO        IN 

t^  t^  rH  Tf 

CD  05  CD  OS 
OOCDOOrt 

CO 

3  O;  CD        CD  10  <M  o 


''*!  CO 

t-co 

CO  05 
CD^t^ 


a>  Oi  CO  O        O  CV| 


I--OIM  COCSCOOO  lOTt^CDf-' 


ooicoo      ocoooc:'      oc-ococo      ^  o 


00(M  T-. 


;  00  CD  CO         O  03  CO  C75 


ft^gSiS 

OCD  CD  00 

C-)  t^CO  --1 

»n  OCD  0 

t-^ 

-1  oT.-  o" 
ScooS 
^"co-^-cd" 

1.38 

4,808 
1,582 
2,883 

3,931 
1,886 
1,351 
3,972 

2, 302 

2,919 

5, 827 

443 

CO  S 
OS  IN 

icoooo      ocsoiO      or^ccco      occcso      00 
—       — OThr-o      o-^ 


ocooco 

OOCOCO 

t^  w  I^CD 

KAi5o 

CO  r* 

H  ^COCD 

;  00  CD  CO 

5't--.-"co" 

276 
9.216 
2,770 
5,923 

8,739 
2,439 
2,455 
7,843 

4,  533 

5,867 

0,480 

725 

1>J  ^o 

;  o  a  ^' 
'x;  o  2 

O  03  b£)  H 

S3  £  g 
OOO^ 


a)  _  _  0,       -J       o 

"255  c     §x:E 


la  a  c 


bJj.s-S  C 
03  c;.24  >i 


CS  3 


oS  C 
m  0^  S 

a>    ...tz 

■p'cE 
o  2  " 

ass 


65 


lO.— |(N^  COOSOOCO  i-HCOCOt^ 

o6-^o6t^  O'-HTfcd  as(N-^>^ 

■  -■ 1 T^  ^  -      - 

■4  <M   1—1 


--r  csi  T^  ^ 


CO  00        CO  cq  00  CO        0  0:0  10 


oi  oood  o 


1>  O  O  <M 

cO(>i  OCD 
O  CO  Tp  CD 

Or-tCOC^ 


O  CO  Tp  CD  CS   Tt>   1— (   r 


t^  CO  ■**<  »o 

CD  O  -^  -^ 
CO  to  lO  CD 
CO         CQ  CD 


1  >— 1  o:  00       CO  O  t 


D  CO  T}^         -^  CO  00 -—I         1— I  O  00  "^         Ol  Tt<  ■— I  1— ■         CO  00 -—I  C 


O0:t--CD        O-^OC"— I 


00  CT)  CD'  CD 


.-H  en  OTf 

Tj-  Oi  O  00 

CO  t~  coco 

oocn  Tf<  lo 

rt  coo  00 

CD  "^  (M  CC 

Ol  CC  Tj*  to 

005  .-H  CO 

B2,  368 
2,582 
2,995 
3,311 

3,119 

282 

1,180 

2,  138 

4,452 
1,060 
2„  319 
1,438 

3,759 
2,831 
3,  275 
3,  631 

1,486 
701 
795 

2,845 

3,  023 
1,616 
2,912 
1,894 

1,843 

1,929 

541 

1,118 

3,728 
2,842 
3,  831 
2,265 

t^COCOt-  Ot^-OfM  CMCO^O'— <  C^Oii— lOl  CD^OOO'^f*  lO-^^iOCO  OOOOOCO  COOir-nt-- 

O  CO  t^ -^  CD  >— '  Oi  OS  t-t  CO  00  r^  -^  ZO  iC)  ^^  t- OS  CO  C^  "* -^  05  00  c^  oi  »o  Ol  <— «  C<)  O  CD 

00  O;  I>  CD  t-- Oi  (M  CO  rt*  (M  CO  00  »0  CS  O  "^  I>  CD  i-(  O  00  t^  00  OS  Ol  00  i— (  CO  <M  CO  ^  O 

■-H  cO'-^'c^f  C<r '-^"  w  CO  oTrf -rt^cD  oi"C^  CO -^"  cTt^"  CO  Tf"  o"  C^"  i-T  t-^  CO^Tf  CO^Co'  lo'oO  00  oT 

•— (  rf  O -rfH  00  r~  *0  CS  CO  CO  (N  qC  00  O  00  O:  O  OS  ■-<  00  O  CO  C^  O  ■*  CO  05  05  lO  00  *o  I— ' 

Osl^OCD  iOiOTt*l>-  OiOOI^OS  COCDCD-^  O^O-^CD  i-hiMoOco  CO-rPO^  OOIr^cOTt^ 

•^'"  CO  co"  CD  to"        of  "^*"  or'  --H  Tf"  CN  t-^  lO  CD  I>^  CO  »-^  i-H  to  CD  CO  lo'  Co'  CO  ci  i-H  of  lO  to"  I>  ■^'" 

C^ -^  lO  t^  u^  C^  I— (  CO  CO  O  Oi  OS  -^  »0  C^  CD  I>- t^  OS  CD  Oi 'fp  Oi  ^  OS  ^  CN  CN  -^  CO  CO  CO 

i-Hoo-^oi  locoooco  oocDOiC^i  ot^i-i't^  ^cor^oo  i-n't^coo  lyi  oi^    '  cococDr^ 

Ci         O'*  -^               CD  i-HCO'-Hu:)  r^(NcOOS  CO(M         O  Ot--CD'-H  r-.t^C^  -<rcDODO0 

CMO^i— I.— (  04»0'-H.— I  C^CO-— <                                      C^-^.-HCO'-HC^  I— <COCO 


"3  m 

^  <:OCO  Oi 
Oi  t^  >o  o 

00  IN  -H  CO 

co  ■<J^  lO  CD 
0)CO>0  CO 
CO  .-H  CD  rr 

CO  00  CO  o 
^  0<N  Oi 
t^  Ci_;  u^  uj 

rt  o  Oi-cr 

c5§3§S 

00  WOl^ 

XT  00  Oi  00 

O  -^  Oi  t^ 

Oi  CO  ^  r^ 

Souj  t^  O 

Oi  00  iri  Ir^ 

00^  OO 

$2, 401 
203 

2,  313 

3,  123 

1,  658 
252 
723 

2,376 

5,  526 
1,610 
2,  325 
2,363 

1,693 
1,  599 
3,154 
3,544 

1,387 
832 
624 

2,888 

1,875 
2,528 
1,658 
1,657 

2,764 

1,  194 

909 

145 

1,892 
2,  876 
4,522 
1,838 

1^ 

T-l  t^  OUO 

OJTff  t-co 
CD  O  ".^  ■«** 

(NCDIMOO 

Ci  t^  00  Oi 

CI   ■»   t-.   40 

COOOOO 
CO  O  CO  ^ 
»0  l-^  T-H  lO 

Oi^  0»  Oi 
10^0*0 
O  '^P  -.^  Oi 

OOOiOCO 

.-^  ^  t^  r^ 
tp  Oi  r^  <N 

O  Oi.OOi 
■^cH  CO  CO  -<*^ 
^  ^  O0I> 

lO  lO  l>-  lO 

OS  OS  '^  CD 
COl-IXM 

"3 

»0  Oi  CO  Oi 

t^  ^  O  CD 

S5  So 

d  oooo 

CD  tt-'oIn 

OicOCOOi 

OOCl  OO 
O  CO  CO  00 
u.  lO  CO  t^ 

t^  Oi  Oi  00 
Oi  1--  r^  ^ 

o  t^  »o  o 

■  ^  CO  r-l 
-^f  Tt*  OOCO 

lO  C^  CO  lO 
OICOCO  00 
t^  CO  O  CD 

o 

lO         -*- co- 

(N        -H  lO 

O  Ci  "^  ^ 

COCOOO 

(M  .-H  rt  40 

CO^  CO(M 

■O   -H   « 

(N  CO  Os'co" 

i    s 


CC  -H  00 


O  CO  ^  CO         ^  O  ^ '^ 

oioifNO         -Hcd.-^»0 
CO-^OOCO         OOCDCSOI 


o  OS  cq  t^ 


^        O  ^  00  OS 


T-H  i-(CO00 


COOSOOS         00^-I>-(N         tOiOOt-- 
Oit^OO         COOi— lOi         1— (OOOl'— t 


;  00  '^  i— '   o  CO  OS ». 
t--  c^   CM  tp   <; 


:>  CO   *o  w  lo  t-- 

3  CD    00  CD  Ol  t— I 
S  00    --^t^  to  CO  lO 


1-i  OS  OS  OC' 
^00  CD  CD 
O  to  '^  '^ 

Oi'-^'oToo" 


CO  t^  00  CO    CO  00  t 


i-»  "^  »o  r- 


CO  CO  l^  OS    OC  OS  »0  O    O  CO  O  Tf- 
"  — CO  tT"  OS  O   OJ  t^  '  — 


3(M  O'*    CD  OSCOO 


"  tO^  O 


CO  CD  r-  CO   »o  cs  >—< 


■^  '^  00  CO 

-  CN  .-H  CO 

OS  00  Oi 


1  O -^  00    Oi  C^  O  OS    00  O  O  00    CO  OS  CD  r-    I—I  .— I  c 


CO  OOCD  00    O  OS  O  ' 


CD  tP 'Tfi  Oi    O  CO  00  1-1 


OiOlfNOO         Tt^COOO         OOOICOOO         CDCDOOCO         OJOiOlt-- 


OTt^'O'*  OOt^OCO  THtMOCO 
"-jt^Tt^OO  COOOSO  OiX-cOco 
OOCO-— (Oi         to  t^  O  O         Oi  1— I -^  OJ 


iC'  .-<  — <  OO         ^  00  1-1  » 


lO  CD  O  ■"^ 
CI  OS  Oi  O 
^         i-i  OI 


O  CO  t--  I> 

)  lO  TP 

I  ooo 


,            CO  OS  OS  CO  -^  O  tP  OI  to  OS  CD  O  to  OS  CO  o 

CO  lO  TP         O  CD  t^  O^  i-(  CO  1— I --^  OOCOOSCD  CO  O  O  OS 
'~O100  COi— "COOi  CDTt<COCD  OlOt^OO 

oT  irfcO'*^*"  ^  ofi-Tco 


OS  OS  CO  -* 


O  CO  to  0<         CD  OI  OI  I-^ 

odojoior'       cotOTf^oj 

"  '  to  -*  O      " 

OI  OI 


(Mr-      to-*ooo      •— 'Oil— (CO      Tfr-i.— 1 


00  lO  to  CO 

00  --i  oi  CO 
^  OI  i-i  r~ 

CO  1-1  o» 


t^  i-(  OI  o 

oi  to  to  00 


t^  O  CO  00 

00  i-H   to   Tt^ 

CO  CO 


00  CO  OI  CD 

i  t^  t^  CO 


t^  t^  ■*  CO  t^         i-l  OS  .-I  OI  o 


cDO^oos      -^oioo      tocor^oi      cot^r^co 


GOi— lOCO         .— icDOiiJ 


00  O  OS  1— i         CO  GO  O  00 


Oi  CO  »0  OI        00  OI  O  O        OOi 
CO  OS  t--  "*        O  1— I  O  O        .— I  OI  t 


OI  — 1--^  Tf^         —i  " 


■^  OS  to  T+1 
CD  OI  ^  OI 

oToi  CO 


1—1  1—1  ^  CO        r-cDcOOi        i-<  OI  I 


CO  r-  i^ 

OS  CO  O  O 

oi      i-T-d-' 


;  OI  OS  r^ 
-  -  CD  CO  Oi 
rt^  CO  »o  r^ 

cc'co 


to  »o  t^  o 


'■^^  O  CO  i-< 
CO  CD  CD  00 
OOS  O  '^ 

i-Tio'co'co 


OI  OS  O  '^i 
1-1  to  U5  CO 
to  CO  t--  CD 

rC  oi  t-T  to" 

to  OS  CO     ~ 

■-I  r^  CD 
to  oT  CO  r-' 


'^-Tt^OO         ooo  00         i-i' 

CO  OI  o  o      to  to  OI  t--      t^  r 

--<  CO  O  CO         OS  to  CD  to         Tt<  C 


00  CD --I  OI         CD  00  O  O         O^  O  to  ^ 

"^rMtooi      1— i-^oo      os-^r^oo 
.-•oiosco      CO  OI  00  o      r- OI  Tj*  i-( 


1— I  i>-  01  00         Tt<  CD  h-  C 


OS  CO  CO        00  i-i  Oi  O 
■      --     -         O  t^  OS  00 


CO        •— I  CO  to  CD 


to  CD  -^  -^ 
00  to  CO  O 

00  to  to  to 
•*'  •*"  00  of 


S-^Tj^I--         CD'-iOi'<*<         Olt^OOJ         -._ 

H  OI  r- -^       Oi  CD  o  to       to  to  to  00       .— i  co -^  Oi 
HCDl>-0        oocoi-i-^        oc^tr^oo        —---  —  — 


■<**  ^      .-( 


OI  coco  CO 
.-(  CD  ■^  Oi 
CD  •>*  O  Oi 

f-Ti-Tco'co 


SgBs 


o  o  o 


E?2o§ 


c3  d"^ 


■  S  c  d 


S    o2S5    5WW3    S§§S    SSSS    ^ 


B  "^ 

^  03  >- 

>&& 

a>  oj  43 


'■3 1 


66 


^00         r-^tO-^OS         CCI'-iOOS         OiOCMCO        Oi  c<: 

CO  CD  o  qi      c^  IG  S  3i      5!2  55 '^  £2      ri  ^  ::i  !5      ^^ 


GC  00  !-■  o 


CO  r-H  CO   --H 


CMOC'OCM         CMOS-^-"** 
-rf  CM  y^- 00        <£3  CO  o  ■^ 

ic  CD  'X;  •—(      lo  f-H  lo  i>- 
lOi-raTcD 

CM  PiO»0 
t^  f  I  CO  1- 


5  iO  coco         00  C 
Ji-H  coco        00  I 


05  -H  00  CO 
»0  O  CO  -r 

y:^  '^  Oi 

cm' CM  CM* 


rr  ocD  r^ 

00  1-^  X  »c 

o  -^  -^  >o 

cm"  — C  C  J  1-H 


X»C        ^00 


■^03  0  00         cm  OS  OS  O         00  '—'■-H  c 
rfOS-— <0         TfOC'OO  .-HOi-^C 


-i  i5  s;  5 

CO  to  CO  CC 

^Si^S 

00^  1-00 

»C  CM 

-I  o  o<  00 
^  Tf  CS  CC 

■5'  oj «  m" 

122 
5,  312 
4,223 
6,057 

11.  531 

1,770 

632 

7,  576 

4,184 
2,922 
5,222 
2,  456 

--I  O  i-H  CO 

iC  lO  i-i  o 

OSOO  lO 
1-4  CO  CM 


CO  CM  00  00 

r^  r^  OS  t^ 

■CO  "*  1— I  oo 
COrH  r-1 


■CO  "*  1— I  oo        oot--i^co 


CM  W  OS  ^ 

-^  'Tfi  O  r-i 
--  ■       1^  CO 

CM  — ' 


00  CO 
CD  OS 


O  CD  O  "*         T-HOOOOCD 
O  00  ■-'  O         O  3  O  CO 


CO  •—  O: 
TT  -X;  QO    _ 
^  OS  r^  i^ 

CO"  C-f  CM 


oc  ic  r-  ic 

'X;QO»0         CNCDOliC         CO— 'CMcO 

—   '      -  tP  ITD  t-^  iC  ------ 


-  t-  CO 
-.  CM  CO 

Tf    lO    t^   -^ 

co'^-^^cm"!— ' 


OtO  CT.00 

-^  (M  rf  r^ 
OlgJO  — 

CC  C^  03  »o 
(N  >0  00  --• 

CS  to  CO  Oi 
^  to  ^  CTJ 
to  OOO^ 

§1 

CC 
QO" 

?3 

8, 080 
6,  856 
6,  340 
13,  554 

912 
5,347 
4,894 
5,560 

6,818 
3,288 
1,463 
5,947 

6,  938 
2,845 
5,  822 
2,  252 

sg 

^  00  00  •-< 
rH  CO  00  ^ 


CO  00  r-       CO  CM 


-COCM         COOTfOO         tOTtHCMcO         Ost^OCM 


TfO-^CO         COOSt-HCO 


OOCMt^OS         CM-^COrP         OCOCMOS 


:  o  o      Tt*  Tf 


COCDCJSiO  CsiCt-«cO  F-il-^iOCJS  OSCO 

OOCOOCM  0"tiOSOS  t^OO-^  O: 

CM  CM  CD  Tji  CM  CO  CM  O  CM  i— i  O  CO 

rt'i-T  cm"  ^  ^  -H*  r-T 


coiococo        OSiC-— <c 


t-iOC<)  -H        o^ 


_,    , ,_,.— ticr-t       icr^osCM       OS.— I 

CO  OS  CO  00         CM -rf  CM  CD         ^  CO  O  •-•         -^  — i 


t^CD  ^  ^ 


CO  O  CM  CM  CM -^  OS  t^ 

^^■^^:r^u-j         COTfOOt^  CCO"^— ' 

•— itOClCM          l>.COt^»C  CMTfCOCO 

CM  CO                            '*'  cm"  cm*  cm*  t-4" 


OS  to  Tf  CM 
CO  00  CO  CO 
*  CO  CM 


-^00'^'*'         '^h-C^.-'         CMt^OOCO 


lO  CM  CO'  CO 

csi  00  CO  L  ' 

CM  t^  00  C 
■—  CO 


O—'OStO        C^IXOOC 


00  1-"  CM  O         CM  OS  CO  ' 


o  00  00  ■^       CO  r-  t 


-  T-"  OC  Tf         CO  to  OS  1-1         O  ^  CO  I 


t-  CM  00  r--      00  CO 

OS  ^  00  C-J        o  o 


— I  ^  CM  CM 


;  CO  o       CO  00 


00  — '  QC  O         ^  CO 


O  00  CM  to  'X  O  to  O 

ocor^i— '  cDcoco" 

—I  00  CO  00  CO  CM  CO 

Os"  cm'  cm  CO"        "^*  OS  ZC  --h"  Os'  Os'  00  oT        CD  -rj*" 

.—  cO-^Tf        CO— 'OSCO  OOO^^        t^O 

Tj'COOOOO         Tf^OC'CM  C^l  —  X—i         DCCO 

cccM-'i^'*      ^cm'^'oo  cm'^'cd'^      co*co 


,  O  c  ^ 

!5S  u,  § 


In  S3  =^  o 

^  t-  t-  '^ 
3  3  5 


^^  (--  o       t3  o  O  =i^ 


.E>c- 


—  c 


o  j=  a 

111 


67 


«< 


fee 

.s 

3 

"a. 

S 

0 


S 

CD      1  ■>*'  ^ 

CO  .-1  t~o 

^  CO  00  t^ 

N  IM  CO-< 

Tt<  fq  0-* 

t^  cq  -*  CO 

Tt<  -il-lOJ 

CO  t^  OJ  — 

be 

-S 

3 

a 

e 

o 
O 

°      1^2 

lO  00  CJ  oq 

^      o  to 

OOCO  0<N 
»-i  C^  C^ 

C<1  C^  CD-* 

CO  t-^CDIM' 

l-H  M  M  -* 

S2^J;t 

1-s 

OgcD  rt 
»0  •*  05  CO 

^  CO  'H  IM 

Tt^  t^Oi  CD 
»o  t^  OO  O 

cooo^co 

Tt*  ^  CO  »JO 
00  >0  GO  C-^ 

CO  t~r~— 1 

-*  1^  o  ^ 
1^  (M  O  W5 

00  00  o  t^ 

ggss 

CO  O  00  CD 

CO^  tCcd 
•^  t^  00  CD 

osoost- 

$964 

3 

721 

1,731 

3,319 

3,036 

92 

458 

2,157 

767 
7,400 
1,287 

1,299 

1,619 

770 

3,402 

235 
2,853 
3,177 
5,224 

2,794 

1,088 

2,208 

547 

1,527 
373 
291 

5,721 

772 

16, 231 

2,762 

339 

o 

'3 
o 

00  o  as  00 

IN  CO— 100 
00  00  00  t^ 

■*  rio  00 

CD  Tt<  00  t-- 
05  t^  »0  lO 

CO  IC  »o  00 
t^05  CO  t^ 
NOO^  t- 

OCq  CO  lO 
CD  »0  t^  OS 
OOOCO  CO 

C^  C^  (M  00 

05  CD  — 1  CO 

OS  ca  CO  CD 

(N  1^05«0 

(N  c-q  CO  lo 

ooooseo 

$1,  092 

5 

1,524 

3,347 

5,354 

5,909 

203 

1,045 

4,308 

1,156 

17,097 

2,632 

2,355 

2,838 
1,421 

5,871 

471 
5,  563 
6,212 
10, 864 

5,029 

1,774 

4,138 

722 

2,059 

473 

589 

11,872 

1,193 

35, 281 

6,111 

725 

l~i  ,-lTt^ 


CO  C^  lO  '^ 
»C(NCD  CO 


(M         1-H         Oi  i-H         1-1 


Oi  t-00^ 
CO  CO*  »c  <m' 


CD  '^  t^  t^ 
00  CO*  »0  CO 


(MOiO'*         ,-(Tt<»O00         OOtNfM 

CO*  C?3  00  CN         (N  00  C^  C4        CO  CD  C4 

,-1  1-H         1— I  lO  CO 


CO  1—1  lO  CD 
CO-^  CO  ^ 
CO  CO  t^  00 

CD  ooTco 

Tt*  c<»  GO  O: 
lO  CO  t^  00 


CO  Ol        05  b-  CD  iC 


t^CO<N^         WTjH'tt^O         (M^^b-         tMOiOO         COO"'**!-! 

SOl  CJ)  CO         OOCOO"^         CD  (N  O  00         Oi  O  i-i  "O         lO  OS  CD  Oi 
Oi '^  0:>        00  w  iM  O        t^  OS  OO  00        OS  CO  cD  tP        OS  Tf  "^  (M 


5  1— t  C^  I>-        lO -^  CD  Tt^        (N  OS  O  CO        >0  lO  O  00        OS  t- OS  CD        C^  CO  OS  (N 


COOS  o6  t- lO  OS         CD  lO  lO  lO  CO  tP  CO  t- 


)  ■<* 'Tt*    C^  t^  00  O   CD  CO  lO  I:^ 


00  CO  O  lO    CS  CD  t^  "O    OS  CD '—I  CO    r-*  lO  GO  <— >    lO  "^  C^  lO    OS  C^  O 


^      CD 
^-      i-t 


CDW    i-H 


THi-fiCOS         C^CDCOtJ*         i— <OCOO         CD00030         COOCD"^         00OI>'< 
—  -  .  lO  W         GO  "*<<-<  CD         00  to  t^  CO         OS  (M  O  lO        CO  O  O  OS         OS  O  C^  I 


■^  O  Tt*  .— ( 


O  "*  lOOO 

40  OS  t^  »c 

1— t  CO  --t  00 

K«*- 

OS  00  ^  »o 

OCD  t^>0 

CO  »o  »o  c-^ 

-*  Cq  (MCO 

1.3, 330 

453 

1,673 

4,579 

3,253 

5,323 

568 

6,919 

9,607 

482 

8,615 

6,324 

3,696 
1,308 
1,460 
1,114 

1,864 
3,964 
)2,  475 
!3, 803 

6,536 
1,154 
2,519 
1,706 

2,204 
524 
519 

9,892 

3,049 

J2, 132 

4,554 

128 

»0  CO  CO  CD         OS  t- 

lO  OS  t^OS        OS  C<» 

GO  CO  OOCO      OS  r- 


CO<N  1-"  lO 


1-1  lO 


b-CO  lO  M        (MO 


UO  CO  --I  *-H 

ciJco'iH  o 


00<M  <M 

iOtJ^'gO 


. ,-  _  COCOb-O         ''t^COCDO  lO^t^tM 

O -^ '^  OS         CNCDOCO         1— (lOcOCO         CD  »0  00  O         ^O  i-i  00  i— i 


CO  ":>  Tt^  1^-      »o  CO  T 


•  COi-tOO         O  O --< --<         CO '^ --I  o 


u^  CO  o  t^ 
*-i  t~-  C^  i-< 

»0  .-I  CO  CD 


r— ost^Oi      i^»oosc 

GOt^i— iTt^  CDcOt^C 

OS  M  I— 1  »0  CO  OS  C 


CO  CO  >-<  ^  »C  I^  00 


to        CO  OS  CD  C^         OS.W  O  CD 
■^         CD  CD  O  Tt<         CO  t^  C^  CO 


CO  CD  ■*  O  OG0*O'«t<  t^OSC 
CDOOOS  CO  OS  r^  <M  .-I  CD  I 
-*  r-i  1-1  W         OSOOCOO        CO  CO  c 


CO      cscooo      ooosos      cocoes 

00         OOC^iOlM         0»0<M"ti  .-     — 


CM  O'-'  1-1 
CO  CD  CM  1-1 
.-<  I--  CO  OS 

CO*^"^"*' 


Tt^   Tt^   00  b- 

OOCD  i-H 
OS  coo 

i-Ti-Tic 


O  O  CM  00         O'*  CO  C 


OOOO         O  — I 
Q  O  to  lO         OS  CO 

■^  o  to  to      o  o 


CD  OS  CO  t*        O  00 
CO  O  O  t^         CO  OS 


to  t'-  00  to 


OOOO         t^  t- 
00  O  O  GO 


OS  —I 
OSO 


■<*^  OOCO  tocD 
to  Q  00  CD  CD  OS 
1— I  O  OS  to  OS 


1-1   ,-H  t-- 


O  CD  O  CO 
I^       '  00  to 


.  to  OS  lO        OS 


I-H  C^l         i-(         CM 


^  CO  tO<M 

5    'toco 


CM  CD         CO  to  CM  r-H         CMOt^OO         O  b' b- OS         O  CO  O  O        CO  tO  CM  C 
•-HCO         CMtOCOi— I         toOOCO         -^OsoOi-H         OTt^OO        CDCOOC 


CO  t^  1—1  OS         t^  O  i-<  i-( 


CD  OS  to  "^         CM  O  t 


t^  CM    CO  "^  CM  00   CO  t^  00  CD    to  t^  OS  O    OO  CO  to  O 

lo  c<i      OO  OS  "^  r--      -Tt^  to  OS  o      OS  OS  CD  rt^      co  to  cm  cm 

-(*^  CM    CD  t-- CM  O    00    to  00    lO  •-*  CM  CO    CO    t- CO 


CD  CO  to  CM 
-rt'  — ICD  CM 
CO  to  CM  00 


'Tt^  O -^  CO  O'^'^CO  OOOO 
O  O  1— I  00  CO  OS  O:  00  O  to  O  O 
•OOCOCM         OSOSCDi— <         OOi-HtoO 


■Tfi— I        cDOScDr>.        

CDt-         C0CM"*O         i-Hr-HCOi-i 


OO  CO         1-1  COC 


OS  O        CO'-'CDCM 


COTt^  c 

.-I   1-H   C.    . 

to  »-i  CM  CO 

I-T      to"  to 


00  to  t'-  CM         to  '^  r 


CO  CD  OO  tP         CD  CO  OS  t 


CO  CO  OO  !>■         CM         O  CD 


1-H  1-1  00 


C3 


03 


C3  S  ^  O 


CO  y   03  '   C3  O 

c3  d-^     S'S,  ^ 

lis? 


9-S3     ^ 


c3'a       I 

"°  ft.-J  c3       S 

M  3  c3      S 


0  ^       'x- 


.w     >     ^     ^ 

OJ  Qi  a>  oj 


§S§S    §§gS    gz^^ 


6S 


Ol  1-  S:  -I- 

.-H   -H  O^   O 

to  -^  ^  a-. 

ota-va 

to 

-^ 

- 

■O  I-0-.  "O 

CT.  O  —  'O 

C-4  ST.  1  -  C-< 

m 

CO 

s 

sBsi 

i-<  COCO  00 

StO  ^  (35 

K 

1 

883 

870 

1,560 

11,057 

872 

444 

128 

1,148 

6,312 

786 

86 

1,732 

1.351 

1,452 

1.344 

165 

o 

3 

00 
CO 

o 
o 

05  N  f-H  »0 

^  »0  OeO 

oo?5t~oo 

to  —.  Tj.  (N 

1^  ^  t^  to 

to  05  o  »o 

oto  w  e^ 

00 

to 

1,830 

1,644 

2,834 

22, 264 

1,643 

1,034 

220 

2,625 

12,  473 

1,063 

166 

3,665 

2,  573 

2,992 

2,599 

255 

o 

to 

CM 

36.2 
7.3 
3.1 

39.8 

12.0 
21.6 
11.0 
8.3 

157.3 
4.2 

■*«00      'i 

>o  ■<)<■«    1 

00 

C^  fC  o  o 
■^  -*  --S  to 
C3  ^  rr  CO 

0-*  to  ■* 

to  OIN  00 
0>IMCO  rt 

05  lO  ^ 

18,  757 
2,472 
1,899 

27,  452 

6,819 

2,211 

603 

4,025 

10,  848 

38 

75 

617 

4,173 

1,518 

2,809 

126 

iis 

-< -^  OS  CO         lO  00  CO  Tf         »o  ^  00  Tt* 
<^         lO  00  CO  O        <N  T-*  O  ^         OS  <M  O  »0 
OOCOOSCO        -^cOCOOO        .-HCD'^C^ 


^i— lOOCO       icooc^ 
t- CO  *o  r^       OS  CO  »o  CO 


»0  CO  t^  "0 
'<*'  CO-H  OS 

00  OCO  r-l 


CO  O  OS  I 
OS  <N  lO 
C^  OS  c^ 

liO  — ^.-T 

t--  Q  >0 

.-H  ^  »0 


I  r^-  uo  00   <M  00 


r-  CO  o  OS   CO  OS 


^         00  OS 


(N  »C  CO    OS 


IT-  --H  lO  t^ 


3  CO  O    O-^  t- 


00  IC<*<  IC  lO         COiOCOC^ 


t-H  TT  OS  -^         OD  -— <  -^ 


OCO  r^ 

co  ca  t- 

(M'»rf  co' 

—   .-H   'tT 

CO(N 


■*        CO 'tJ' t^  lO        icocoos 
00        CO  CO  Tj* '^         000^*0 

lo      t-*  c5  CO  00      r^cooo-^j* 


1-H  C^   O  O  1-H  O  --H   CO  00 

OS        cococso        -^OSOSiO 


SCO  w:> 
00  cs 

"^"o'co" 

coco  O 
OS  o»o 


OtO  O      c 

COC<l  -«<0! 

CO  to-*  CO 

■*  U5MCO 

f^ricD 

00 

t^OO-^      . 

^  C^  CO  ^ 

C^tC  -"  c^ 

03  -H 

M 

to 

CO 

r^  to  OtO 

00  tool  o 

lO  rf  OCO 

82£§ 

■x:ico  — 1  o 

to  to  00  --^ 

oo  >o 

to 

oos^fj^o      r^  00  CO  00 


•  lO  CO -^         lO  OS  00  •-<         ■^  lO  UO  O         OS  "^  CO  c 


lO  Tf  O  OS         M  00  w 


OS  ^  CN  00         UO  CO  ^  ■*         tO-^CO.-! 


(COi— «l--0        OO-^-— «        cOcO(NO        OOf-^ 


*C  O  O  CS         .— I  C^  C^  O         O  O  CO  CD 


OS  CO  00 '^      oooso      ^  r^  OS  o      c^  x  ^ 


00  lO  "^  O       CO  r- --*  r- 

cocor-00      ,-«,— (r-Ht~^ 


:)  r^  00  OS       00  00  c 


5  OS  O        rj-  OS  o 


os-Tj-tot-      o-^c^ic^      woor-c^      oor-Hco 
co"     co*"'-rco"'  iM*      '^r" 


6   .-^ 
,  o  a  >i 

O  C3  mQ 


~  C3  3  S 

'-'OQ  '^ 
o  o 


'  C.2 
1  o  S 
.^•cS-a 


a  c 

St.— 'S  c 

.S  >  C  o 


rtSmt^    t^5>>    ^?:^^ 


6s 
o  S 


c- 


s  =«  s 

a  tuo  o 

M   <C   * 

3  to_c3 

"o  o.t; 


69 


3 

a 

<r, 

V\ 

;. 

"V 

X 

■^ 

a 

"« 

<j 

« 

^ 

p>«# 

V 

"« 

ft« 

V 

s 

k, 

k 

s 

e 

"« 

i^ 

■* 

•M 

» 

«S 

0 

u 

Ck 

a. 

■< 

? 

« 

^ 

o 

«) 

^ 

•^ 

s 

0 

Q 

;. 

v5 


iM  lO  CS  -^ 


OS  '^  CDO 

r-l01i-t0 

OS  O  Oi  CO 
IM  ^  lO  C^ 


OOOi  O  -^ 

CD  I>-  i-H  lO 

OOOl  lO  o 

r^co 


cccn  c<i      00  CO 


00  CO  Oi  Oi 


ooo 

00  CO 


00  lO  (M  to  O  "O 
lO  "^  ■^  1— 1  Oi  CO 
O  CO  CO  C^I    O  !>• 


CO  05  O  -^   CO  t^ 

CO  o  r^  '— t   00  CO 

CO  f-H  .— «  CO    "jO  OS 


CO  '^  CD  O    00  CO 


a:  '^  o  oj   cs  oi 


t-,  CD  CO  "J^ 
CO  '^  I>  O 
CN  CO  00  O 


.-I   ''j^r-cooo 

r-t    -<:tH  .-1  Oi  (M 


O    T-i  t^  ^  CD 

OS   00  (M  CO  r- 

'^    (M  O  03  CO 


t^  00  T-H   ic  i>.  T-i  o:^ 
CO  00  »o   OJ  I>^  1>^  o 


.  .    ^      J  ^         CD  O  00  t^    -   .   -   -    .   . 

O  CO  O    00  >— I  M  t--   -^  O  Ol  CO    05  O  O  C^    1— 1  CO  >-«  I 


CD  T— I  1:0    Oi  •— '  O  '— * 


T-i(MCDCD    T-Ht-CNt- 


I  (M  01    CD  iC  CO  r--    (M  CO  t^  O   (N'Tf^QO.-H 


lO  t^  00  CD   »0  CO  ' 


H .— «  o   o:  Tt*  00  t—   h- o  c^  CO 

oi>oo^   ^o»- 


.  r-i  C<l    I— I  CO  CO  C^    03  O  01  L 


-th-^   000 10- 


o  Tt*  (M   CO -^  CO  o   CO  CO  o  o   r- »o  ^  00 


iC  r-^  1— <  ,— ,  CO  CS  .-H  1— I  (N  O  ^ 

0>  C^  CS  O:  10  »0  CO  O  »0 --I  i^- 

^  CO '*!  O  CO  O:  CO  Oi  01  O  00 

CO  cs" lo"  i-T r-" co" 01  ■^'" co" 


1^00  CO 

0<N  ^<N 

OO'S'tD 

cq  ^ 

w 

^.OC-^ 

^ss 

lO  CD  Oi  CO 

CD  r^ 

CD 

OOOJ 

rH  1—1   00  »0  CO 


10  t-H   1— 1  O 

I>  -^  00  - 

O   '-H   -* 


-.       . t^C<l         (NOOOOO        (MCMOO         '^"'tc 

I>  •**'  00  r^  ■*  O  O  O  CO  O  '^  --H  Tf  r-H  o  CO  t^  r-n  C 

—  COiOCOOi        OOCOOl-^        1— (0»0<N        t^c^c 


CO        10        O  C<J 


i  00  10 

H    OCO 

CO  i-t  CQ 


lO         O  00  *0  t-        10  ■— I  O  CO         10  O  CO  "*         00  03  o  t- 
i-H         CS  Oi  I^  CD  — ■ *■.  —  .-. 


Tt*  CO  OC  '^ 
>o  O  CO  "* 
01  O  OC  CD 


OS  CD  "*  ■- 

r^  CO  ■*(: 

o:  ir-  O 


00  rp  CD  (M         OOtMCSO         O  O  r- <M 


H  (N  -^  .-I         lO  00  CO  ^ 


1  OS  O        00  OS  o  o 


K   CO   I-H   OS  r^   t--  rH   OS  (M   -^  O  CO 


_  -,  ,,  _-.__         OSCDOOOi  ,- 

r-H         t^  (M  CO  »0         tH  (M  ,-1  t^         '*  (N  O  CO         ^  OS 


CO  CS  CO  O 

1-H   (M   ,-1   t^ 

1-i  COCN  Tt- 


.-HCO 

CO  CO  »o  t-- 

cfi-Tod  co" 


00  00  lO  CO  C^  CO  OS  C 
■^  (N  CO  O  CO  i-H  CO  c 
CO  10         00         <M  O'^r 


iC  CD  CD  C^l 


oo6q6(m' 


CO  CO  1— I  o 

Tj^    --H    06    O 


•-H      CO  t- o  Th      "^ -— I  OS  o 

t^        <M  iM  O  (M        iO -^  CO  r^ 

CO         O  t^  CO 'tt^         <M  CO  OS  ^ 


to  CO  O  '^         00<M 
O  cDiOO         00s 

CO  cq  t^o      -Tf  <o 


CO  1-H  ,-( 


1—1         00  O  >— I  l>-         00  00  OS  1—" 
.—I  cot— CDCD         C^i— liOiO 

t--         O  <—<  OS -^         Tf^  tP  CO  !>■ 


O  O  (M  O         OCO 


O  CO  o  o 
"S  O  (M  O 

:>  o  00  lO 

Tt^OS   1-t   ^ 

t^  tP  *0  OS 


CO-^OOO        QOtMOOO 
(M  CD  O  CO         -^  00  CO  ■Tt< 


'^  O  00  00        <N  b-  »0  C 

OS  on  Tj^  CQ       t^  CO  .-H  c 


— (  *0        (N  ' 


OOOSOO       O  OS  o  o 


CO         O  O  CD  CO 


H  t--  OS         10  !>•  <0  C 


J  CS  O  <M        O  »0  I 


'Th       T-HOso  t: 


O  OS  o  CO  O  O  <— I  o  o 
10  OS  O  00  o  o  c^  o  t- 
OS         t-COCOCO         COCDOlM 


CO         CO  C^  O -^         O  "O  UO  OS 


CO  t^  00  -=t*  CO  r 

O  OS  O  CO        c^  C 

CO  CO  CD  iN        T— I 


O  OS  O  00        C<)  o 

o  CO  o  r-      -*  o 

OS  t-  C<)  CO         TtH  o 


OS  .-(  Tt*  -^        10  .-< 


O  10  t^  OS  OS 

00  CD  -rf  CO  .-( 

CO  OS  iM  01  ur^ 

(m"  »-ri-roo*"»o" 


O  CD  O  O         ^  O 

0000      '^  o 
00  O  00  o       ^  o 


OS  O  00  O  CD  O 
O^  C<J  "^  -^  OS  (N 
CO  O  00  00        00(N 


OS         CD  OS  o  »0 


■^  CO   r-H   CD  i-H 


a  c3  g'c 
§  ^  fl  o 


1  ^  c3 


^5  S-^ 


i-H  t^  t^       r^,-i'^os       00  00*^1^ 


CO  O  '-^  CO 
»0  CDCS  '^ 


000      o  00s  c 


000      00c 


i  O  1-^  OS        O  t^O  O 


OOCD^         CSOOCO        0»OL 


iC  lO  1--         CO  O  r-H  .— 1 

00  (M  CO        "^  tC  00  t- 

C^   t-  000s  40  r-l 


OS  t^  CD  r- 

,-.  — ((M  10 
■^  IM  CO  O 

icTco" 


0000 


000         O  O  O  CD         O  O  CO  C 

000      00000      o*  o  c^  c        _    _ 

O  O  "*         O  O  O  (M         >0  O  ^  10        OO^ 


OS  O  O  (M         00  tP  Tf  10         00  O  CO  CD         OC 

o  o  10  "^      CO  CO  lo  CO      r- r- ic  OS       >jo  i 

»0  OS  CO  CO         00 -^  CN  CO         CO  CD  CD  O        "^  C 


_?3  "ft 


:^  c3  a;  o 


tl 


^2;^; 


70 


I  'C  o  r-i   cs  -^  r-H  ci   c-i  ':o  I  -  CO 


>  ^    iC  -M  c 


•  Oi  O   CO  X  C 


>o  -t  en  CT» 


■  GO  C^    I—  lO  O  '-' 


1^  CO  CO  OS    <N  O  00  -f 


DiOtP  OS 

OS  »0  CO  Tti 

00  UO 

X 

r^  ic  '^  o 

Ol    Tf   CS 

Ol  CO 

^      ,-^»o 

lOOC^tO  OOOUD  OI'-OCD 

COOOO  OOOO  O'COtD 

I-—  tOCO'— '  lO^DiCfO  O'^t'O'C 

■^*  oi"  oi  »o"  f-I  "*~     oT  oi"  CO  os"  •-H 

coTt<»c»o  oo      iM  Tf^r-oo 

T-.  CO  I-  "0  Tt*  Oi         C^  ■*  CS  »C  !■- 

^  .-T  OT  .-H  -h"  r-T 


.^      »-40-<**c^      ou:'Oco      o ■*  xi CO 


*;:;■-:«) 

M  'OOOiO 

oSoi^: 

0)<3>So> 

15  o>  'f:  oi 

2.536 
1,230 
1,351 
3, 314 

8.949 
1,226 

2,  486 

2,914 

486 

1.177 

2,738 

O  CO  »c 
(N  r-^  CO 

.-H   ^   (M 


lO  o 
CO  IM* 


O  CO  CO         OOOO 
O  Tt*  »0         O  Oi  O  CO 


00   l^  l-H 


O  *0  CC        00  O  O  CO 


(NGO 
o  t- 


3  'X  Tf  r--      CO 


CO  C^  w  t^ 

i-h'o  CO  <:D 


"*  O  05  t-- 


—  —  —  o      oo-^o      ooo»o      ooooo 

5-''^Ou-;        OOiC'O        OTfOOO        0»COiO 
3:c        oocco        OCSiOCS        OiC^OO 


^  :o  c^  oc 


(N      M      — 


00  CO  00  Tf 


OOOO    OOOO    OOOO 

OOOO      ooor-      OOOO 

ooo»c       000>0       0"^00 


CO  O  00  o 
I^  05  oc  »o 
■*  I--  CO  :c 

--h'  CO'  '-'* 


-5-^ -eg 


r^^>> 


71 


4> 

•a 


6^- 


l^^  liti  N  ^  M  Q  cc  op 

C<»  Tt* '^  (N  Ol'^'^O 

^^"cO'-^'  coodocrT 

CC  GO  CC  h-  t^tNOOi 


COOOCCW        Ol  "O  <N  (N 


OS  ^  I>-  CO 
Ol  "O  <N  (N 

Ol  O  CO  OS 
■^"(M'OOr 

.'  CO  oc       r-  i-H  CO  o 

OO  Oi  to  l>        .— t  rr  CO  CO 

o  CO  "^*'^"      '-Too't^or 


I  05  TP 

iCO(N 

O  00  (N  *0 

CO  oi"co  <N 


Oi  »0  iC  00  05-^00  05 

■-^  .— I  t^  »0  O  Oi  1— I  CO 

>0  l>  iC  lO  0(N"*CO 

•^cDooJ"  .-rcoaTi-r 

T-lr-l05'*  00  go  »0  'Tf 

COcOCCi^  tOC^iOO 

co'cocTo  OTf-'oi>^ 


Oi  tHCO        <N  lO  t^(£) 


00  go  »o  -^       .-H 


CO  CD  1-H  iC  CO  ^  00  CO 

<NiOt^(£)  COCOOOI 

CD  rt<  »0  00  CO  (N  CO  CD 

CDM'osh^  OtJ^'oTic 

~  I^  t^  O  1-1  ^  M 

Oi  Oi  Oi  t-  CO  I> 

to -^i-h-cd"  cd'co  oi"ic 

CM 


'  Ol        '^  ^ 


t^  »0  CD  CD        O  O 
1— I  "^  lO  CD         O  »0 


I  OS  o:>  CO        t^ 


DCMOS'— t        l>-»O»O00 
5  -^  CD  Tt^  C^  CO  '^  1-H 

■^  "*  OCO         CO  (M  CD  00 


I  CM  OS         Tf  Tp  l^  Oi 


00  CO  oi 

CM  Tt^  c^ 

to  to  00 

W  lO  lO 


^ 

^ 


)0^C 


lO  ^  CO  Ol        OO  00 


CMoOCOOi        CDt^iCiO 


»OCOOOCO         t-Ht-CMO        1--00000 
CO  i-H  GO  CM         OS  O  O)  CO         CO  CD  1-*  00 


OCD  *0  CO         00  '-'  ' 


»c  r-^  00  t-^      CD  CO  to  OS 

CMcDTCD        OcDTfOS 
CO  .-H  rt^  CM  .--  to  CM  1— I 


o-^osco      lor-'^io 


OCDCDOO  I^OOt^CO  1— 'OOOOO 
CDt^.— <oO  O-— '1— ii— I  t^OSO^CO 
CMCDtO»-H         -^COCOtO         OOCOOS»-H 


tOCMCSi-H         COOOOt^         tOTfOSi-H         COOCOt^ 
"^  00  CO  >0         00  OS  OS  "^         CM  »0  00  O         O- CO  CO  to 


1— I  CO  CO         C^l 


H  OS         '^  00  CO 


^CDCD  ^ 
"O  CD  "<*<  "• 

coos  oc 

cm'^.-Tco'c 


'^  CD '^  CO         ^  00  CM  OS         00  CO  CM  CM         t^  CO  CM -*         CO --<  w  CM 


CM  GO  CM  OS 
'^  CD  '^  CO 
00  CO  --H  CO 

CM    .-M^f 


O  OS  CO  O   OS  !>•  CO  CD    -^  to  C 


C^  .-H  I--CM 


CM -«**  00  CO    CD  GO  CO  CO    -^  CM  OS  OS 


lOCO         COOCO-*         005CMCO         CO  C^  CD  CD 


J  t^  lO    r-(  OS  O  CO    CM  CD  OS -^    CO  OS  CO  CO    O- CM  O  OS    O  tO  O  CO    t^  t^  lO  CO 


SOS-;t*    ^  COCM  c 


"tP  OS  t-- CO    OS  CD  GO  CD    CM  CD  O  C 


3  OS  O  OS    O  to  CO  ■^ 


'■^    ^  i-( 


CO  CM  CM  CO    1-1 


OiOcDO        CO-— (I>-OS         COOOCM 
CO  --H  CM*"  CM 


OOStOO  OCOCDCM 

t- .— I  CO  GO  to  "<*^  CM  <-H 

00  CD  f-H  CO  to  CO  --"  00 

CM^COt^  CDi-hiCcm"" 

OSTt^TtoO  OOCOCM 

CD  to  GO  O  tTi  CD  GO  tO 


SCO  00  O        OS  CO  OS  GO 
tO  "^  GO         CO  r-(  O  r-( 


i-tCM  O  I 
CD  00  CDC 
OS  GO  t^  C 

co'cm'-^'c 


CM   Or-H   t^ 

CM  CM  t^  '^ 

to  t--  CD  --H 


C^  GO  CO  00         CD  CO  r- c 


t^^i-iCO        OS  to  CM  CO 

to  -^  O  r^       >-H  OS  —  -- 


OOOCOOO         COOtOO         COOSCOiO         COCOCOtO         COrt^CDoO 


o  to  o  tt      t^r^osio 

CMtOOOCO  COGOC-*r^ 

00  to  to --H         O  O  O  CO 


tOr^'cO'^        *-H  t 


cot-^os""^  .-Tt-T 
OS  OS  CO  ■^  -^  to 
-^  CD  O  t^        00  CO 


to  CM  CO  'Tp  CO  ^  .-H  f 


1-1  OS 

coco 


s 


03  3-; 

sea 


:  S'S^ 

OJ—-  03.S 

.3  bsg'S 

'o3  03 


?^o3.s^^       ^ctaoj?^       «K)TO-.-H      .-^.^.-jw       aiaia3<ii 

o23£  5mm3  SSSS  SSSS  ;lgl:l 


o;  O  O 


72 


CI  ^  CO  ?l 


i^ccc^ii-  cioio^i-H  lOcDiooi  r^c^f© 
(McoQo  i-ocDOj  coooso  ao-^r- 
i-i-'^LO      ^cocor-i      cs  1^  lO  ^      25  CO  c^i 


'^CCOOl        OiCS^»0        i-HOiiOO        r-CO^^CD        1— t'^iO 
OOOOCO-^         iOcOC^C^         OlC^COO         COr-COOl         QOCOCC 

cDrH  t--o      000*001      cDtocHoo      i-HccOi-t      »r5*or* 


S05  CD 

ooo  »o 

CS  00 


CO        40  (N  CO 


OiOCD 
■-M03C0 


-H  Q  l-^CO        00 
*0  cOoO  <-!        O 

<:^aS''rt*r-^         CO 


0000  00  <-<      00  t^c 


CN  10  t-*         ^ 


OS  00  05 ''^^  CO  (M  CO  CS  00  !N  (N  CO  CO  1— I  tJ< 
^COOiTt<  (NrHt^t^  OiC^0i»O  Ost^i— I 
CO  CO  1-H  t^        CO  O  00  (M        OfNOOS        00  00  O: 


•  Q  CO  O        (N  lO  00  t^ 
- -^  CO  01        1— <  h- C^  CS 


Oi  lO  CS  00        C^  1— I  OS 


SCO  '-Hl--.C^Tt<  00<MOt^  t'-COOOS  C^OiO 
'  "^  10  Oi  CO  O  1— t  T-H  00  O  >0  00  CS  »0  lO  c5  t^ 
*  Tt<        10  O  "^  1— I        !>■ -^  1— I  Tj^        .-1  ■<}<  O  CO        CO  CO  O 


CO  O  00  "^ 
CO  --H  CO  CO 
(MCO"*  — t 

C^CS  CO 


00  lo -^  CO      CO -^  r- t--      CD  ic  *o 


iM  t^oo  ":i 
CO'*  t- t 

coco  t^  " 


O  ■^  O  CO        t--  Oi  CO  » 


t^  CO  CO  O        »C  Tf  o 


C^l  lO  00  1— '         CO  01  i-H  CO 


OS  CO  OS  C^        C^  OS  1-H  o 
"^Ci-COoO         COOCOOs 


CO  CO  iC  .— I 
C^  CO  10  CO 
CO  »0  (N  10 


i-H  .— t  (M  CO    »0  C^    CO    CO  1— *  ' 


'^  -S  -^^  G    ^  r-  C  .5 


,  o  E 


c3  ;3 


ooc^    tfStgEH    &Ht)>>    ^«:^^    CWPh 


t-.oo 


73 


Table   13. — Balances  of  Federal-aid  funds  available  to  States  for  projects  not 
yet  programed  as  of  June  30,  1951 


State  or  Territory 


Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire 

New  Jersey 

New  Mexico 

New  York 

North  Carolina 

North  Dakota 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

Rhode  Island 

South  Carolina 

South  Dakota 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington  j. 

West  Virginia 

Wisconsin 

Wyoming 

District  of  Columbia 

Hawaii 

Puerto  Rico 

Total 


Primary  i 


$9,  596,  573 
391,0(10 

1,  097,  675 

2,  449,  666 

1,  735,  672 
748. 582 

1,  256,  324 
884, 707 

2,967,811 
2,315,817 
5, 172,  356 
1, 302, 395 

1,462,467 
1,203,061 
1, 048,  936 
1, 089, 135 

1,  910, 150 
519, 098 
615,  872 

2,  746,  338 

1,  267, 359 
.3,  458,  815 
1, 8C1,  955 
1, 183, 408 

3,  470,  274 

2,  209, 815 
1,  208, 173 
1, 235,  715 

872, 094 
7, 082,  386 
2, 028, 105 

837, 804 

1,  793,  344 

1,  243,  217 

90,  695 

2, 684,  604 

903,  909 
1,124,134 

787,  427 
1, 093,  979 

639,  422 

680,  715 

377,  567 

1,  637,  509 

901,946 
2, 141, 312 
1,  710,  284 

617,095 

567,  947 

404,  663 

1,  325, 995 


Secondary 


$3, 126,  786 

63.3,  361 

2,114,222 

3, 853, 886 

1,  452,  551 

1,  304, 137 

741,  632 

1,  349,  528 

3,840,119 

2,  678, 237 
10,516,019 

6,241,698 

918,918 

,5, 146,  201 

852.  521 

827, 875 

1,  270, 807 
2, 352,  264 

485, 303 

2,  723,  571 

1, 827, 190 
4, 887,  485 
6,184,816 
3, 779, 441 

4,  757,  467 
1,  .328, 041 
1,139.254 
1, 294,  498 

1,847,351 

6,  492.  98* 

2, 057,  730 

919,  226 

3,  649,  414 
1,320,911 

854, 177 
2, 124,  456 

351,  643 
1, 337,  576 

761,  677 
2, 390,  795 

8,  288,  926 
721,  986 
274,819 

1,  233,  965 

1,125,461 

1, 162.  654 

3, 238,  649 

417,887 

1,083,119 

386,  329 

1,  566,  210 


$3,015 

230, 

815, 

2,861 

397, 
1, 183, 

775, 
2,  484, 

1,  356, 

437, 

6,  200, 

4, 342, 

1,  505, 

1, 192, 

926, 

4,264 


1,375, 
1,214, 


543, 
292, 
299, 
200, 

005, 

92, 

538 

406, 

529, 
587, 
941, 
493 

,213, 
785, 
292 

,109, 

800 
882, 
650, 
,153, 

524, 
461 
470, 
195, 

829, 
425, 


,870 
472, 
168 


106,458.920 


Prewar 


$21 


1,725 
32, 980 


108 
280" 


138 


694 


188, 075 


9,  354 


'  Funds  available  for  either  urban  or  rural  portions  of  the  Federal-aid  highway  system. 


74 


Table  14. — Averafie  nutnln'r  '  ttf  prrsinis  employed  on  Itureau  of  I'lihlir  Itoads 
and  StnU'  hinhtvny  ronslruclitm  itnd  niainlenanrr.  I'nitetl  Sttitrs  anil  Terri- 
tories,  hy  pritiirani   and   hy   niontfi,  for  the  fiscal  year  ended  Jnne    '.UK    I'f.ll 


July 

August 

Si'plciiibcr 

Oclolici- 

Novciiilici' 


January.. - 
Fchruary.. 
March.... 


April 
May. 

JUIH'- 


SI,  IHIlt 

ST.  1)17 

,s(i,  orid 

(14,  !)2il 
41.()5.S 


;«,  2t)7 
■.U),  425 
37,412 

53,  330 

()7,  278 
74,  07(1 


I'ICW  111' 

K(Mlcral-al( 
pronrani.s 


SI  I!  I 
771 
(i71 

cm 

.342 


217 
2I() 
202 

211 
240 

2(i,'; 


I'cdrral   Iru 
csL.s,  [larks, 

public 

lan(l.s,lliiii(l 

iclicf,  and 

inisci'lla- 

Ill'OU.S 


I,  r,2ii 

4,  71)3 
4,  (lOH 

3,  830 
2.811 
1,975 


1,.W2 
1.3.'J4 
1.803 

2,  342 

3,  072 
4.212 


Kcdcral 
jH'OKialii.s 


8!),  .507 
1)2,491 
89,  334 

85,  374 
08,  343 
43,  970 


35,  070 
31,995 
.39,417 

55,  889 
70,  590 
79,  450 


^'tal(•  liifrli- 
way.s,  with 
.Stale  funds 


.52,  470 
50,  094 
5(1,  054 

.5.5,  109 
48,  290 
35,  887 


27,  105 
24.  308 

28.  121 

30,  275 
44,  872 
.■iO.  93!) 


Koad  main- 
Iciianci-  by 
.State  lliull- 
wiiy  depart- 
ineiiLs 


130,  108 
1.30,714 
120,0(14 


123,493 
122,081 

118,487 


1 14,  4,50 
11.3,8.50 
114,  118 

114,072 
118,484 
1 2X.  XMl 


'J'OtUi  C'OII- 

slriiclioii 

uiid  nmiii- 

lenaiice 


272,  151 
279,  899 
272,  052 

204,  030 
239,  320 
198,344 


170,031 
170,219 
181,0.50 

200,  830 
233,  940 

259,  254 


'  .Vvorasc  number  of  persons  eniiiloyecl  is  Cdiiipuled  as  the  mean  of  the  weekly  jiayroll  counts  made  during 
the  calendar  month. 


^ 
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Table   15. — Mileage  of  designated  Federal-aid  systems,  by  State,  as  of  June 

30,  1951 


state  or  Territory 


Alabama 

Arizona - . 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

Florida 

Georgia 

Idaho 

Illinois 

Indiana.. 

Iowa 

Kansas 

Kentucky 

Louisiana 

Main* 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire 

New  Jersey 

New  Mexico 

New  York 

North  Carolina 

North  Dakota 

Ohio 

Oklahoma. 

Oregon 

Pennsylvania 

Rhode  Island 

South  Carolina 

South  Dakota 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington.  __ 

West  Virginia 

Wisconsin 

Wyoming. _  _ 

District  of  Columbia 

Hawaii 

Puerto  Rico 

Total 


Federal-aid  highway  system 


Total 


Miles 
5,017 
2,518 
3,470 
7,183 

4,028 

1,109 

528 

4,309 

7,109 
3,474 
10,329 
4,830 

9,676 
8,388 
3,879 
2,676 

1,626 
1,860 
2,067 
6,499 

7.397 
4,601 
8,296 
5,868 

5,558 
2,202 
1,183 
1,733 

4,031 
10, 462 
7,276 
3,277 

7,625 
7,414 
3,932 
7,925 

470 
4,523 
4,277 
5,038 

15, 932 
2,263 
1,238 
5,133 

3,413 
2,392 
6,076 
3,445 

144 
564 
574 


In  rural 
areas 


Primary 


Miles 
4,805 
2,446 
3,341 
6,448 

3,923 
816 
501 

3,902 

6,798 
3,434 
9,353 
4,268 

9,335 
8,195 
3,676 
2,455 

1,544 
1,668 
1,075 
6,016 

6,940 
4,439 
8,068 
5,806 

5,441 
2,177 
1,065 
1,203 

3,950 
9,055 
6,928 
3,232 

6,640 
7.182 
3,768 
6,694 

237 
4,314 
4,202 
4,819 

15,317 
2.197 
1,180 
4,869 

3,231 

2,188 
5,678 
3,401 


536 
440 


219, 196 


In  urban 
areas 


Urban 


Miles 

212 

72 

129 

735 

105 

293 

27 

407 

311 
40 
976 
562 

341 
193 
203 
221 

82 
192 
992 
483 

457 
162 
228 
62 

117 

25 

118 

530 

81 

1,407 

348 

45 

985 

232 

164 

1,231 

233 

209 

75 

219 

615 
66 
58 

264 

182 

204 

398 

44 

144 
28 
134 


15,641 
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Table  16. — Mileage  of  the  National  forest  highway  system,  by  fittest  road  clans 
and  by  State,  as  of  June  .'W,  103 1 


RcRion  and  State  or  Territory 


Western  ropion: 

Ari7X)na 

California.. 
Colorado.. - 
Idaho 


Montana 

Nevada 

New  Mexico. 
Oregon 


South  Dakota. 

Utah 

Washington... 

Wyoming 

.\laska 

Total 


Eastern  region: 
Alabama... 
Arkansas  ♦.. 

Florida 

Oeorgia 


Illinois 

Indiana... 
Kentucky. 
Louisiana. 


Maine 

Michigan.. 
Minnesota. 
Mississippi - 


Missouri 

Nebraska 

New  Hampshire. 
North  Carolina. . 


Ohio..-- - 

Oklahoma* 

Pennsylvania . . 
South  Carolina- 


Tennessee. 
Texas  < — 
Vermont- - 
Virginia  *.. 


West  Virginia  *- 

Wisconsin 

Puerto  Rico 


Total - 


Grand  total. 


I'otal 


.\rihii 

\,(m.2 
2,  m\.  (I 
i.r.()7.  n 

1,12«.« 

1,  IW).  5 
313.  7 
(155. 0 

1,381.8 

302.0 
«90.0 
755.8 
535. 0 
387.  9 


12,373.' 


250.9 
633.  fi 
165.0 
349.  7 

306.8 
101.2 
352.9 
402.3 

14.0 

1,169.6 

718.8 

507.4 

985.7 
29.8 
166.0 
792.4 

133.6 

48.5 

353.9 

377.7 

348.3 

307.2 

119.1 

1,  351. 1 

484.1 
432.4 
36.0 


10,  938. 0 


23,311.7 


Class  1  ' 


Mile.H 
406.  1 
678. 0 
.Wl.O 
f«K).  K 

694. 3 
157.2 
1(H).  0 
716.8 

189.0 
187. 0 
387.7 
396.0 


105.  9 
lll.fi 
.33.0 
153.4 

245.8 
53.6 

131.1 
54.1 


582.1 
256.5 
239.3 


40.9 
382.0 

70.4 

31.5 

123.7 

230.9 

165. 1 

129.2 

32.7 

399.9 

78.4 
76.7 


4, 107.  5 


9, 353.  4 


Clas.s  2  '' 


Milen 

;{K4.(I 

.■i05.  5 

4f!(i.  0 

76.9 

173.9 
1.30.  8 
292.  0 
3.50.  () 

101. 0 
216.0 
80.5 
109. 0 


112.6 
522. 0 
105.  9 
147.9 

30.  5 
47.6 
180.3 
94.4 


488.fi 
292.3 
239.5 

471.3 
12.0 
fiO.6 

326.5 

34.1 

17.0 

.36.7 

146.8 

148.9 
170.  5 
61.9 
773.6 

364.7 
294.4 


5, 180.  6 


Class  3  3 


Afilen 

269.  1 

1,482.5 

-l.Vf.O 

362.  I 

322.  3 

25.  7 

203. 0 

314.  4 

12.0 
287.  0 
287.  (i 

30.  0 
387.9 


4,441.6 


32.4 


26.1 
48.4 


41.5 
25.3.8 


170.0 
28.6 

134.7 
17.8 
64.5 
8.3.9 

29.1 

"i93."5 


34.3 

7.5 

24.5 

177.6 

41.0 
61.3 
36.0 


7,  866. 8 


6, 091. 5 


'  Class  1. — Forest  roads  which  are  on  the  Federal-aid  highway  system. 

2  Class  2. — Forest  roads  which  are  on  the  Federal-aid  secondary  system. 

3  Class  3.— Other  forest  highways, 

*  The  mileages  for  all  of  the  States  have  been  reclassified  in  accordance  with  the  classifications  established 
in  the  revised  regulations,  effective  March  22,  1950,  except  in  Arkansas,  Oklahoma,  Texas,  Virginia,  and 
West  Virginia.  The  mileages  shown  for  Virginia  and  West  Virginia  are  on  the  basis  of  the  new  classifi- 
cation and  are  taken  from  the  field  recommendations.  The  revisions  of  these  two  systems  were  not  officially 
approved  as  of  June  30, 1951. 
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Table  18. — Mileage  of  highways  in  or  leading  to  JSational  Parks,  monuments, 
and  parkways  constructed  by  the  Bureau  of  Public  Roads,  by  construction 
status  and  by  location,  as  of  June  30,  1951 


Park,  monument,  or  parkway  (and  State) 

Total  com- 
pleted as  of 
June  30, 
1951 

Completed  during  fiscal  year  end- 
ing June  30,  1951 

Under  con- 

Total 

Initial  im- 
provement 

Stage  con- 
struction 

as  of  June 
30,  1951 

Acadia  (Maine) 

Miles 
31.3 
22.0 
6.1 

Miles 

Miles 

Miles 

Miles 

1.1 
3.6 
4.7 

Badlands  (S.  Dak.) ____ 

Baltimore-Washington  (Md.)    

Bandelier  (N.  Mex.) .__ 

Big  Bend  (Tex.) 

7.7 

347.4 

21.7 

8.4 

.5 

9.4 

12.2 

65.9 

.3 

2.8 
.5 
.3 

23.1 
2.6 

14.2 
9.5 

73.4 

193.0 

6.1 

38.5 

2.6 

35.5 

3.6 

1.6 

42.6 

35.1 

1.8 

31.9 

2.7 

90.8 

129.6 

5.3 

7.7 
58.2 

7.7 
20.1 

10.3 

Blue  Ridge  (Va.-N.  C.) 

38.1 

Bryce  Canyon  (Utah) 

Carlsbad  Caverns  (N.  Mex.) _ 

Chalmette  (La.) 

Chickamauga-Chattanooga  (Qa.-Tenn.)  _  _  _ 

Colonial  (Va.) 

Crater  Lake  (Oreg.) .. 

Devils  Tower  (Wyo.) 

Fort  Donelson  (Tenn.) 

Fort  Matanzas  (Fla.) 

Fort  Pulaski  (Ga.) 

Fredericksburg-Spotsylvania  ( Va.) 

George  Washington  Birthplace  (Va.) 

George  Washington  Memorial  (Va.-Md.).^ 

0.9 

0.9 

Gettysburg  (Pa.) 

Glacier  (Mont.) 

9.9 

Grand  Canyon  (Ariz.) . 

Grand  Teton  (Wyo.).. _.. 

11.3 

17.8 

Great  Smoky  Mountains  (N.  C.-Tenn.)__. 

10.1 

10.1 

Guilford  Court  House  (N.  C.) 

Hawaii  (T.  H.) 

Hot  Springs  (Ark.) 

Kill  Devil  Hill  (N.  C.) 

Lake  Mead  (Ariz-Nev.)  _ 

Lassen  Volcanic  (Calif.) 

30.4 

Meriwether  Lewis  (Tenn.) _. 

Mesa  Verde  (Colo.). _  .. 

Morristown  (N.  J.) . 

Mount  Rainier  (Wash.)_._ 

1.0 
44.5 
3  3 

Natchez  Trace  (Miss.-Tenn.-N.  C.) 
National  Capital  Parks  (D.  C.-Va.-Md.) 

23.1 
0.1 

0.7 

22.4 
0.1 

Olympic  (Wash.) 

Organ  Pipe  Cactus  (Ariz.) 

22.7 

8.7 

31.1 

54.2 

1.6 

65.4 

96.9 

10.6 
8.9 
10.4 
15.9 

315.8 
108.7 
41.6 

Petersburg  (Va.) 

3.4 

3.4 

0.7 

Petrified  Forest  (Ariz.) 

Rocky  Moimtain  (Colo.) 

10.8 

Scotts  Bluff  (Nebr.) 

Sequoia-Kings  Canyon  (Calif.) 

Shenandoah  (Va.)  ... 

12.4 

12.4 

15.0 

Shiloh  (Tenn.) 

Suitland  (Md.) 

Vicksburg  (Miss.) 

Wind  Cave  (S.  Dak.) 

Yellowstone  (Wyo. -Mont. -Idaho) 

4  0 

Yosemite  (Calif.) 

Zion(Utah) 

Total 

2, 072.  5 

115,9 

28.5 

87.4 

264.0 
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Table  18. — Mileage  of  highways 
and  parkways  constructed  by 
status  and  by  location,  as  of  J 

in  or  leading  to  1\ 
the  Bureau  of  Pu 
une  30,  1951 

ational  Parks,  monuments, 
jHc  Roads,  by  construction 

Total  com- 
pleted as  of 
June  30, 
1951 

Completed  during  fiscal  year  end- 
ing June  30,  1951 

Under  con- 
struction 
as  of  June 
30,  1951 

Park,  monument,  or  parkway  (and  State) 

Tntni        Initial  im-    Stage  con- 
lotdi        provement     struction 

Miles 
31.3 
22.0 
6.1 

Miles 

Miles 

Miles 

Miles 

1.1 
3.6 
4.7 

7.7 

347.4 

21.7 

8.4 

.5 

9.4 

12.2 

65.9 

.3 

2.8 

.5 

.3 

2.3.1 
2.6 

14.2 
9.5 

73.4 

193.0 

6.1 

38.5 

2.6 

35.5 

3.6 

1.6 

42.6 

35.1 

1.8 

31.9 

2.7 

90.8 

129.6 

5.3 

7.7 
58.2 

7.7 
20.1 

10.3 
79.8 

RIiiP  Rirlpp  CVft -N    C.)                             

38.1 

Chickamauga-Chat'tanooga  (Ga.-Tenn.) .._ 

Fredericksburg-Spotsylvania  ( Va.) 

George  Washington  Birthplace  ( Va.) 

George  Washington  Memorial  (Va.-Md.).. 

0.9 

0.9 

9.9 

11.3 
17.8 

Great  Smolcy  Mountains  (N.  C.-Tenn.)__. 
Guilford  Court  House  (N.  C.) 

10.1 

10.1 

Hawaii  (T  H ) 

Kill  Devil  Hill  (N.  C.) 

30.4 

Mount  Rainier  (Wash.) 

1.0 

Natchez  Trace  (Miss.-Tenn.-N.  C.) 

National  Capital  Parks  (D.  C.-Va.-Md.)__ 

23.1 
0.1 

0.7 

22.4 
0.1 

44.5 
3.3 

6.4 

22.7 
8.7 
31.1 

54.2 

1.6 

65.4 

96.9 

10.6 
8.9 
10.4 
15.9 

315.8 
108.7 
41.6 

Petersburg  (Va.)  - 

3.4 

3.4 

0.7 

Petrified  Forest  (Ariz.) 

10.8 

Scotts  Blufl  (Nebr.) 

Sequoia-Kings  Canyon  (Calif.) 

4  0 

Shenandoah  (Va.). 

12.4 

12.4 

15.0 

Shiloh  (Tenn.) 

Suitland  (Md.) 

Vicks burg  (Miss.) 

Wind  Cave  (S.  Dak.)   1... 

Yellowstone  (Wyo.-Mont. -Idaho) 

4.0 

Yosemite  (Calif.) 

Zion  (Utah) 

5.4 

Total 

2, 072.  5 

115.9 

28.5 

87.4 

264.0 
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Table  19. — Mileage  of  approach  roads  to  ISational  parks  and  monuments,  by- 
construction  status  and  by  location,  as  of  June  30,  1951 


Road 

Park 

Designated 

Under  con- 
struction 1 

Completed' 

Grand  Canyon 

.\fUeii 
28.1 
52.3 
31.2 

8.8 

11.2 
10.4 

8.6 
13.9 

7.0 
59.7 
23.0 
31.3 

2.6 

Miles 

Miles 
28.1 

do.. 

.52.3 

do          ---•- 

.30.9 

r              4.7 

\              M.l 

11.3 

do                    

10.4 

Wind  Cave 

8.6 

Y  ellowstone 

4.0 

13.9 

do          - 

.3.0 

do          

59.7 

.      do          - 

22.9 

Zion-Bryce  Canyon __ 

Z ion  and  Bryce  Canyon 

Cedar  Breaks        

5.4 

22.9 

Total 

288.1 

9.4 

268.7 

'  These  mileages  are  included  in  those  shown  in  table  18. 

2  Graded  as  a  forest  road  project.    Figure  not  included  in  total. 
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